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SUMMARY

This report describes the progress achieved by Planetary
Sciences Incorporated from January through March, 1963, on the
preliminary analysis and interpretation of the digitized strong-
motion seismograms., This work is being performed for the
Defense Atomic Support Agency under Contract Number DA-49-146-
XZ-186. (The analog-to-digital conversion work conducted at
Nevada Test Site is not cataloged here.)

Research and analysis for seven digital-computer programs
have been done. Six of the programs have been flowcharted,
coded, and debugged on the IBM 1620, The seventh (PSIO015)
was processed on the IBM 7090 and CalComp plotter,

Two of the codes (PSI010-PSIO10T and PSI011-PSIO11E)
integrate or differentiate a strong-motion seismogram one or
more times. A third code (PSI014) removes the drift observed
after integration using a quadratic fit,

PSI012 corrects for random errors in seismic data traces
by smoothing with fourth differences.

Another of the codes (PSI013) cosine-tapers the end of a
data trace so the last data reading is on the baseline.

PSI015 generates a magnetic tape to control a CalComp
plotter for particle motion plots. PSI016 provides biased
data to be used in conjunction with PSI015 for biased particle
motion plots,

PSI019 may be used to obtain an indication of longitudinal
transverse and surface waves from vertical, radial, and trans-
verse seismic data,

In Appendix A, a special treatment of the Fourier Transform
is discussed in which the function being transformed is evalu-
ated only up to finite limits. This provides an explanation
for the dependency of the slope of the phase angle on the dura-
tion selected. This effect had been noted by Messrs, W. V,
Mickey and T. Shugart.
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PURPOSE:

COMPUTER PROGRAM DESCRIPTION

Integration IBM 1620

Integration--Trapezoidal Rule with
End Correction

By Marilyn E. Westin

To integrate a strong-motion seismogram one or more times.

Any number of traces can be handled.

RESULT:

Values of velocity and displacement as computed from the

seismic acceleration traces,

REQUIREMENTS:

ll
2,

INPUT:

A core storage of at least 40,000 digits.

The number of readings must not exceed 800 for each
trace. (This number could be increased for an IBM

1620 with a larger memory by changing the number in
the dimension statement of the Fortran deck before

compiling,)

The form of input for the digital data must be identical

with that described in the section '"output'" for computer

program PSIO0ZREV or PSIOO6REV,

METHOD :

The method for PSI010 was described in the "Semi-Annual

Report to U, S. Coast and Geodetic Survey'" by Planetary Sciences

Inc., 31 December 1962, The equations have been modified to
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shorten computer running time. In addition, in computing the'
first two integrals, the code assumes that the first data
reading, as well as the two previous readings, are zero.

The derivative at the leftmost endpoint (f'(a)) is also
assumed to be zero., These assumptions are made on the basis
of the data with which we are working. The program reads

in the data beginning with the second reading, since the
first reading is zero. The relationship between the data
readings, the subscript N, and the computed integral SUM

is shown in table 1,

For comparison purposes, the trapezoidal rule with end
correction was also coded., - This is PSIO010T. The equatioﬁs
for this method are also described in the '"Semi-Annual
Report to United States Coast and Geodetic Survey', and
the assumptions at the beginning of each trace aré the same

as. for PSIO010.

2 3 4 S oo DATA
READING
1 2 3 4 o8 N
5 6 7 8 0o o SUM
Table 1
ANALYSIS:

For a theoretical curve such as a sine wave, the results
of PSI010 and PSIO10T were practically the same: one was some-
what more accurate over certain portions of the curve while
the other code was more exact over other portions. However,
for the curve sin(x-n/2) + 1 (which more closely resembles

our data as the derivative is zero at x=0) PSI010 gave much’
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better results, as can be seen from table 2 and figure 1.
Thus it is recommended that PSI010 be used for production,.
When several actual acceleration traces were processed
through PSI010 to obtain velocity; it was discovered that
in each case a trend occurred, and the final velocity value
was some large ﬁositive or negative number instead of zero,
as had been expected. A more extreme example of this is shown
in figure 2. We are trying to determine reasons for the
existence of this.problem and are currently working on a code
which will remove this trend so that meaningful velocity and
displacement curves can be obtained by integration of the

acceleration traces. See PSI 014,

OPERATING INSTRUCTIONS:

The operating instructions are identical with those
described in PSIOll., In addition, if sense switch 2 is off,
PSI010 will compute the integral at every other point; if

sense switch 2 is on, it will calculate for every point.

QUTPUT:

For both PSIO10T and PSI010 the form of the output is
the same as for the input. Since the outpmt is no longer the
same type of trace, e.g., acceleration or displacement, JB is

adjusted by subtracting 0111, Thus, for an acceleration trace

which has been integrated once JB will equal 2111, the two

-indicating that it was acceleration, the ones that it is now

velocity., The time of start after zero and the number of readings
are also adjusted because the codes insert an extra zero or two at

the beginning, depending upon the code. In addition, if

-6-



. ' ' SIN(x - n/2) + 1 --- INTEGRATED VALUES
- X PSI010 Theoretical
, 0 0.0 0.0
7/10 .006563 .00514
L 21/10 .04329 .04053
- 31/10 1371 . 13346
. 47/10 .3099 .30559
57/10 .5753 .57080
| 67/10 .9382 .93390
3 77/10 1.393 1.39010
§7/10 1,928 1.92549
91/10 2.519 2.51842
| T 3.141 3.14160
117/10 3.763 3.76478
3 127/10 4,355 4.35771
137/10 4.889 4.89310
147/10 5.345 5.34929
157/10 5.707 5.71240
167/10 5.973 5.97761
177/10 6.146 6.14974
187/10 6.243 6.24267
197/10 6.278 6.27806
Table 2
I
- -7a

PSI0L0T
0.0
-.001488
02715
1150
.2839
5480
9122
1.371
1,912
2,511
3.141
3,771
4,371
4,911
5,370
5,735
5.999
6.168
6,242
6.278
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only every other value of the integral is calculated in PSIO010,
the time increment is doubled.

Flow charts and listings of the Fortran decks are included

on the following pages.

-10-



§ e e S

((((viva +

(2)VLVa * "91-() VLV
+(P)VLVd*8+(S)VLva-)
*°2I/3NIL- () VLVa* L
+(2)VLVa* 9i+(1)vLva
*p1)*'GI/3INIL=(L)NNS

Z+*N=N

3

(CC(1#N) VLVQ - (1-N) VLV * "2+
(E-N)VLVQA-)* '8+(L-N)VLVA+(2-N)VLlva —
(N)VLVA-(S+N)VLva) * INIL +(1-N) vivd

* 261+ ((N)VLVA+(2-N)VLVA) *'v8)

* "08I/INIL+(S+N)NNS=(L+N)WNS

QD SN (O

<

(((2)VLVA *'8+(S)VLVA-)

b

*°21/73NIL =(1) vLVa * L)
* Gl/3WIL =(S)ANS

0=(e)ANS

(#"013) VaNI ‘I=N
(N)VLVQ > poay

c¢/(2+4r) =40

<

@] 2/ +4m-ar

4

I-VEaNI=VvaNI =

>,

= g0:V0

VENI=SLld e

I=VENI =vENI

L

sawpu
3|qDIIDA

¢/VENI=80

'2/81d=v0 *—@

4

Kilpssaoau
aul}apay

|l upiji04 —uoipibayu;

0l0 Isd

mo-gr=8ar

SpP4DJ }DWIOY
v pD3Yy

i }

oot}



| p4po 1ad sbuippsis 2 Y(+°013) —
O A_ ‘b+VEN! ‘€=N ‘(N)NNS youngd ag * "1-48=49 [—€)

( ((€-N)VLVA-(1-N)VLVQ) * INIL* "0O9l+

D
>
((P=N)VLYA~(N) VLVQ) * INIL* "02~
@ 2+ vaNI=4r (S-N)VLVQ * "80I~(2-N)VLVA * b88I+ = é 2+N=N [
(I-N)VLVQ * "966¢+(N)VLVA * "821)
* "009€/3NIL +(2+N) WNS=(++N) NS

4

((( (=N)VLVa- .
- - _ N ((()vLvQ * 'g+
(7N)vLvd * e (e=N)vlvd ) > "8+ (2)VLVA+(£)VLVA * "9I~(b) Viva+
G (PTNVLYO* @ NVLVG-(N)VLYC . oo (VAT * B1(9) WLVA=) * 21/ I~
~(2+N)V.LVQ) * 3N L+{1-N)VLva - e X o+ q '
% 261+ ((N)VLYQ+(2-N)VLVQ * +8) e z%m-Mwﬁ,q
**081/3NIL+(Z+N)NNS =(H +N)NNS L OINNS=(8)ANNS
(N VLVa * ol Si50 193
~(2)VLVA+($) VLVA * '8
sbuippai Hp SpJpd o]
@ +(p)viva-) *-2/3anL +— 0=(t)WNs k© P L o) P ouny
~(2)VLVQ * L+ (1)V1va ¢ prvENl E-N
*'91) * "GI/INI L =(9)WNS (NJWNS Yound
:..@ (((£-N)VLVa-(1-N)VLvad) * INIL* 09I+
» : ((#-NVLYQ~(N)VLVQ) * INIL* ‘02—
.©®+ag *"2=a8 ag * "1-49=49KB @.__é (€-N)VLVd * '801-—(2-N) VLVA* '+881+ [+—O)
(1-N)VLVA * "996€+(N) VLV * '82bl)
* “009E/INIL+(Z+N) WNS=(+N) NS
2 ‘bd 010 1Sd




[Sand

10
11

12

13

PSIO10
INTEGRATION
DIMENSION DATA(800)s SUMI(800}
READ 29 JAYJB»JCsJDIAESAF»JGrAHAL
FORMAT (415,F9.09F800914,F10.4’F1000)
READ 3 AKsJL9sAMsAN»AOSARIAS
FORMAT (Fl0e4315sFl0e49F10e0sFl0e&sFBeb4sFl0e4)
READ 49 BAsBCH»BDsBEYBFSBG
FORMAT (F1lUe49F10e09F1048sF10409F10e49F1040)
READ 5s BHsBIsBJsJFsJE

FORMAT (2F10s4sF6e 0,215)
JB = JUB ~ 0111

INBA = JF

TIME = BD

STRT = BF

INBA = INBA = 1

PTS = INBA

OA = PTS/2.
OB = INBA/Z
IF (OA - OB) 6» 7y 8

PRINT 9

FORMAT (28H ERROR IN NUMBER OF READINGS)
STOP '

JF = (JF+2)17/2

GO TO 10

INBA = INBA - 1

JF = (JF+1)/2

READ 11s (DATA(N}s N = 1y 6)

FORMAT (10Xs 6E1044)

READ 12s (DATA(N)» N = Ty INBA)

FORMAT (7E10e¢4)
X = TIME/3600.
Y = TIME/180.
S1 = TIME/15.
S2 = TIME/12.

SUM(3) = 0.
SUM(5) = S1%#(7«*¥DATA(1)~S2%(-DATA(3)+B«*¥DATA(2)))
SUM(T7) = S1#(14.%DATA(1)+16«%¥DATA(2)+T7+¥DATA(3)—-52%(~DATA(5)+8e%

/ DATA(4)~8«%DATA(2)+DATA(L1)))
INB = INBA - 2
DO 13 N = 5, INBy 2

SUM(N+4)—SUM(N+2)+Y*(84.*(DATA(N 2)+DATA(N))I+192. *DATA(N-1)+TIME*
/ (DATA(N+2)~DATA(N) ~DATA(N~2)+DATA [N-4)+8+ % (~DATA(N=-3)+2+ %
-/ DATA(N=1)~-DATA{(N+1))))

N = INBA

SUM(N+4)=SUM(N+2 ) +X* (14284 *DATA(N)+3996 ¢ *DATA(N=-1)+1884«*DATA(N-2)
/ ~108¢#DATA(N=3)~20*TIME#(DATA(N)-DATA(N=4))+160e*TIME*

/ (DATA(N~1)-DATA(N=3)))

15

14

IF (SENSE SWITCH 2) 14, 15

BF = BF ~ le«%BD

BD = 2.%BD

PUNCH 2» JAsJBsJCsJDIAEIAF» JGyAHAL
PUNCH 3y AKsJL»AMs»AN»AD9ARYAS
PUNCH 4» BA»BCsBDsBEBF #BG

PUNCH 5y BHsBIsBJsJFsJE

IND = INBA + &4

PUNCH 12s (SUM(N)s N = 3s INDy 2)

GO TO 21
SUM(4) = O
SUM(6) = S1%(16e*DATA(1)+T+*DATA(2)-S2%(~DATA(4)+8+*DATA(3)+

-13-
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/
SUM(8
/
/
INC =
DO 16

DATA(2)-16+%DATA(1)))

) = SUM{6)}+S1%(Te*¥DATA(2)+16«¥DATA(3)+T «#DATA(4)-52%(~
DATA{6)+8e¥DATA(S) +DATA(4) =16 *¥DATA(3)+DATA(2)+Be¥
DATA(L)))

INBA - 3
N = 6 INCy 2

16 SUMIN+4) = SUM(N+2)+Y*(B4¢* (DATA (N~ 2)+DATA(N))+192 *DATA(N- l)+TIME
/ ' *(DATA(N+2)-DATA(N)-DATA(N-2)+DATA(N=-4)+8. *(—DATA(N 3+
/ 2+*DATA(N~ 1)~DATA(N+1))))

N = INBA -1

SUM(N+4)

/

/
JF
BF
PUNCH
PUNCH
PUNCH
PUNCH
IND =
PUNCH
GO TO
END

SUM(N*2)+X*(1428 *#¥DATA(N)+3996 ¢ #DATA(N=1)+1884e*
DATA(N=2)~108.*DATA(N- 3)'20-*TIME*(DATA(N)-DATA(N 4))+
160« ¥ TIME* (DATA(N-1)~DATA(N=3)})

INBA + 2
BF — 1l.%BD

2y JA»JIBJICsJDsAEsAF s UGsAHAI

3y AKsJLsAMsANsAOsARAS

4y BASBCHBD»BEBF +BG

59 BHsBIsBJsJFyJE

INBA + &4

12s (SUM(N)s N = 3 [IND)

21

-14-
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PSI1010T

INTEGRATION ~ TRAPEZOIDAL RULE WITH END CORRECTION
DIMENSION DATA(800)s SUM(800)

READ 29 JAsIB»JCHrJDIAEIAF»JJGsAHAIL

FORMAT (4153F9¢0sF6e0s14sF1004sF1040) |
READ 3y AKsJL9AMyAN»AO»ARSAS

FORMAT (F1l0e49I59F1l0e49F10e09Fl0e4sFBabtsF1l0e4) i
READ 4y BA»BCH»BD»BEBF ¢BG

FORMAT (F10e49F10e09F10e689F1040sF10649F1060) {
READ 59 BHs»BIsBJsJFsJE

FORMAT (2F10e49F6409215)

JB = JB - 0111

INBA = JF

.TIME = BD

STRT = BF

INBA = INBA - 1

JF = JF + 1

BF = BF = le.%BD

READ 11s (DATA(N)s N = 1l 6)

FORMAT (10Xs 6E1044)

READ 12 (DATA(N)s N = T7» INBA)

FORMAT (7E1044)

12

/

A = TIME/2.
B = TIME*TIME/12.

SUM(3)
SUM(4)
SUM(5)
SUM(6)
SUM(T7)

INX =

DO 8 N

Hnnu

INB

8 SUMI(N+4)

/

/
/

/

N = IN
SUM{N+

N =2 IN
SUM(N+

PUNCH
PUNCH
PUNCH
PUNCH
IND =
PUNCH
G0 TO
END

BA
4)

BA
4)

2
3y
4y
S
INB
12
21

Oe

Oe ‘

A¥DATA(1)-B¥(-DATA(3)+8*¥DATA(2))

TIME*DATA(1)+A*¥DATA(2)-B*¥(-DATA(4)+8+*(DATA(3)~-DATA(1)))

SUM({6)+A*(DATA(2)+DATA(3))-BX(-DATA(5)+9* (DATA{4 )+

DATA(1))~B«*(DATA(3)+DATA(2)))

A - 2

4y INX

= SUM(N+3)+(A+8+%B)*# (DATA(N)+DATA(N=1))-B*(-DATA(N+2)~-

DATA(N=~3)+9 % {DATA(N+1 }+DATA(N-2)))

-1

= SUM{N+3)+A* (DATA(N-1)+DATA(N))-B*((11«*¥DATA(N+1)-3+%
DATA(N)=T«*DATA(N-1)~DATA(N=-2))/(20*TIME)+DATA(N+1)
~DATA(N=-3)+8. % {DATA(N-2)-DATA(N)))

= SUMIN+3)+A* (DATA(N=1)+DATA(N))=TIME/24.* (DATA(N)~-
DATA(N~-1)-DATA(N=-2)+DATA(N=3))

JAsJIB s JCryJIDsAEsAF s JGyAH Y AL

AKsJLsAMsANYAO»ARYAS

BAsBCsBD»BEBF»BG

BHsBIsBJsJF »JE

A+ 4
(SUM(N)s N = 35 IND)

-16-
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COMPUTER PROGRAM DESCRIPTION

PSIO11 Differentiation A IBM 1620
PSIO11E Differentiation of an Empirical Function

By John W. Hawes

PURPOSE :

To differentiate seismic displacement traces to obtain

meaningful velocity and acceleration curves.

RESULT:

The velocity and acceleration curves.,

REQUIREMENTS:

l. A core storage of at least 40,000 digits.

2. The number of readings must not exceed 500 for the
program PSI011 and 800 for the program PSIOllE. (This |
number could be increased for an IBM 1620 with a larger '
memory by changing the number in the dimension statement
of the Fortran deck and recompiling.)

3. The form of input for the digital data is described

in detail in the section on input,

INPUT:

The form of input for digital data must be identical
with that described in the section entitled 'Output" for
computer program PSIO02REV (Semi-Annual Report to United
States Coast and Geodetic Survey by Planetary Sciences Inc.,

31 December, 19620)

METHOD: .
Since the convergence is greater at points halfway 1

between the original tabulated points, it is desirable
-17-
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to determine from the displacement the velocity at halfway

points, then from the velocity the acceleration at halfway

points. The acceleration values will be on the same points

as displacement,

PSI011--The slope of the curve is obtained halfway between

the points of observation using Bessel's formula:

(1) y() = yo *+ (5y)gx + (8%y) (x2-1/4)/2 + (83y), X(x2-1/4)/6
+ (64y) (x2-1/4) (x?-9/4) /24 + (&%) x(x*-1/4)(x2-9/4)/120
+

(Reference: Lanczos, C., Applied Analysis, 1956, pp. 311-313)

Because it is necessary to eliminate fractional values
when coding, the observed values are expanded to lie at
every other x; so we can say that the central difference
is y(x + 1) - y(x - 1) rather than y(x + 1/2) - y(x - 1/2).

Differentiated, this becomes:

(2) D=6 - 1/24h 83 + 3/640h §5 ...
where,
6§ = the central difference or y(x+1) - y(x-1)
§3 = y(x+3) - 2y(x+1) + 2y(x-1) - y(x-3)
65 = y(x+5) - Sy(x+3) + 10y(x+1) - 10y(x-1)
+ 5y(x-3) - y(x-5)
where,

D = the derivative at x

y(x) = the observed value

x = the number of the point along the x axis to be
differentiated (In this code these observed values
are at x=2,4,6,8,10,... and the computed midpoigt
slopes are at x=1,3,5,7,9,...)

h = the interval or time between two observations
~18-
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Revising this equation for more efficient use of computer
time, we get:
(3) D =(3/640h) (y(N+5)-y(N-5)) +(25/384h) (y(N-3-y(N+3))
+(75/64h)(y (N+1) -y (N-1))
The two data points prior to the first observed value
are assumed to be zero, as is the first data reading, and
the statements' in the code are simplified versions of
equation (3).,
PSIO11E--Because our observed data is empirical rather than
theoretical, Lanczos suggests the use of an empirical function
where only four consecutive data are combined for differentiation.
Observed values on either side of the point where the
slope is to be found are weighted one and the next points
further out are weighted three. 'fhis results in the eqﬁation:

[-3f(x-3h/2)-f(x-1h/2)+f(x+1h/2)+3f(x+3h/2)]/10h. "

(4) D

D the derivative at x

f(x-h) = the observed values
h = the interval or time between two observations

(Reference: Lanczos, C,, Applied Analysis, 1956, p. 321-323)

Revising this equation for fixed point numbers (X=N)
and for more efficient use of computer time, we get:
(4.1) D =(3/10n) (£(N+1)-£(N-2)) +(1/10h) (£(N)-£(N-1))
for simplicity the .(x+1h/2) of (4) now is "N" and the other
values are adjusted accordingly.

Once more, the two data points prior to the first observed
value are assumed to be zero. The first observed value is

also zero.
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At the last observation there are only neighbors
on one side of the data point, In this case the‘lagt value
is computed:
(5) D = [8f(x=h/2)-4f(x-3h/2)-6f(x=-5h/2)+2f(x-7h/2)]/10h
which gives as above:

D = [8f(N1)=4f(N1—1)~6f(Nl-2)+2f(Nl-3)]/10h

(Reference: Lanczos, D., Applied Analysis, 1956, p. 323)

ANALYSIS:
The two differentiation codes PSI01l and PSIO11E were
first tested on a theoretical curve. A sine curve was used.

(Reference: Salzer, S.E., § Levine, N,, Table of Sines and

Cosines to Ten Decimal Places at Thousandths of a Degree,

©1962,)

The resulting cosine curves were compared with a plotted
cosine curve from book values, The results show that
Bessel's formula--PSI01l gave answers closer than the
empirical function--PSI011E. The empirical function reduced
the amplitude of the cosine curve slightly because of its
increased dependence on values further from the point where
the slope is to be found,

The curves with which we are working, however, are not
theoretical, but empirical., This condition was simulated

by applying random numbers to the sine curve values used

previously., (See figure 1) These altered readings were then

differentiated with PSI011 and PSIO1l1E, The results are

shown in figure 1, Both results oscillate about the

=20~
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theoretical cosine curve. However, PSIOll is very sensitive

to variations from the sine curve, while PSIOl1lE, though

affected by the random changes, gives less radical and more

meaningful results,

Therefore PSIO11E was applied to trace 7250-0-2-0.
After two passes, an acceleration curve resulted. This curve
should correspond with the trace 7250-2-2-1, The initial
data points of the two curves are plotted together in figure
2, The calculated values of PSIOLlE are plotted negative
above the abscissa because the motion of the acceleration
trace was measured initially down and that of the

displacement trace initially up.

Results are effectively smoothed because of differentiation

by empirical methods. The theoretical code was also

applied to 7250-0-2-0, Extreme fluctuations confirmed the
decision to use PSIOllE. Fewer data points per second
account for further smoothing in the computed acceleration
curve, A pﬁase shift also appears, In order to obtain
reliable velocity curves, it will be necessary to adjust-for

this phase shift, This work is in process.

OPERATING INSTRUCTIONS:

1., Compile the Fortran (source) deck, using Fortran II,
2, To run the program, place the object program %n the
card reader, If the program was not compiled to
include subroutines (the deck included was not)
follow the source deck with Fortran II, deck III

(subroutines).,
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3, Place four format cards for the given trace in

the card reader in proper order.,

4, Insert data cards in proper order.

5. These programs will run any number of traces without
a stop between, Just keep the hopper loaded., Steps
three and four may be repeated as many times as

necessary., The program operates on each trace

separately, then goes back and looks to the card

reader for more data.

OUTPUT: PSIOI1
The program first punches out the record number, type
of trace, and component, The derivatives are then punched

one per card and are numbered with odd numbers to indicate

between which data points (numbered evenly) they fall.,

The program will analyze only one data trace at a time;

the object program must be loaded with each trace.

QUTPUT: PSIOILIE

The format of the output is identical with that of the
input so that it may be processed through the code any number
of times,

The starting time BF was moved back 1/2 time interval
for the first value since the derivatives are calculated
at the midpoints. (See figure 3) The first derivative value
is set to equal to zero. The first three digits of JB,
which indicates the type of trace, are increased by one

to indicate that the results are velocity (1110) and on a

-24-
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second differentiation, acceleration (2220),

The last digit

is left zero to indicate that the results were obtained

from a displacement,

If the four format cards of input are numbered, the pro-

gram will number the four format cards of output,

Data

cards are numbered consecutively beginning with five.

Flow charts and printouts of the programs are included

on the following pages, Data values for Figures I and II

are also enclosed.

Displacement
Velocity

Acceleration

DATA READINGS

1 2
1 2
1 2 3
?ime
increment

per sample

Figure 3
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PS1011
DIFFERENTIATION
DIMENSION DATA(1000)
READ 2y JA2sIBsJCs»JUIAESAF s JGrAH AL
FORMAT (4159F9e0+sF840s149F10e49F1040)
READ 35 AKsJLsAMyANSAOSARIAS .
FORMAT (FlUe&4sI59sF1l0a49F10e09F10e4sFB8elsF10e4)
READ 44 3A»BCBD,,BEIBFBG
FORMAT (FlOe4sFl0eUsFl0s8sF10e0sFL0e4sF1l060)
READ 59 BHsBlsBJsJF s JE
FORMAT (2F1l0e49F6eUs215)

INBA = JF
TIME = BD
C 756/ (64e#TIME)

n u

B 254/ (384 4% TIME)

A 34/ (640e%TIME)

PUNCH 6

FORMAT (16H PSIO1ll 1/22/63)
PUNCH 7 JAs JBs JCy» JG

FORMAT (159 Ibs 15» 10H NOTE = » 14)
PUNCH 8

FORMAT (5H Ns 12H DERIVATIVE)

N=1 :

DIFF=040

PUNCH 12s N» DIFF

"FORMAT (I5s 1Xy El&4.7)

INX = 2%INBA :

READ 11 (DATA(N)s N = 2» INXy 2)
FORMAT (7E10.4)

N =3 .
DIFF=A%¥DATA{8)~B*¥DATA(6)+C* (DATA(4)-DATA(2))
PUNCH 12 N» DIFF
N =25 . .
DIFF=A#DATA(10)+B#* (DATA(2)-DATA(B))+C*(DATA(6)-DATA(4))
PUNCH 12 Ns-DIFF
INXT = INX - 3
DO 17 N = T7s INXTy 2
DIFF=A#(DATA(N+5)-DATA(N-5))+B* (DATA(N-3)-DATA(N+3))
/ +C* (DATA(N+1)=DATA(N-11))
PUNCH 12s Ns DIFF

17 CONTINUE

FND
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14

15

17

PSIOL11E
DIFFERENTIATION -~ EMPIRICAL FUNCTION
DIMENSION DATA(800)s DIFF(800)
READ 29 JA»UBsJCsJDIAESAFsJGsAHAL »IONE
FORMAT (4159 FO4O0sF8e¢09149F1064sF10e0317Xs12)
READ 339 AKsJLsAMsANIAO»ARIASHITWO
FORMAT (FlOe4sI59F10e49F10e09F10etsF8eltsFl0alisl5Xy12)
READ 49 BAsBCsBD+BEsBF sBGs I THREE
FORMAT (F1l0e49F1040»F10e89F1060sF10ea4sF1l06e0918X912)
READ 5y BHsBIvyBJUs»JFsJEsIFOUR
FORMAT (2F10e49F6e0s215942X512)
BF=BF-¢5%#8D
JB=JB+1110
PUNCH 29 JA»JBy»JCH»JDsAESAF» JGsAHAL» IONE
PUNCH 39 AK»JL s AMIANIAOIARIASHITWO
PUNCH &4 BABCsBDsyBESBF9yBGs I THREE
PUNCH 59 BHsBI sBJsJFsJES IFOUR
INBA=JF
TIME=BD
READ 11s (DATA(N)s N=1sINBA)
FORMAT (7E1044)
A=34/(TIME*10.0)
B=ls/(TIME*1040)"
DIFF(1)=0,0 .
DIFF(2)=B*DATA(2)+A*¥DATA(3)
INX=INBA~1 l
DO 13 N=3,INX
DIFF(N)=A® (DATA(N+1)-DATA(N=-2))+B*(DATA(N)=-DATA(N=-1))
BRAC= ¢ 8%#DATA(JF ) =o4*¥DATA(JIF=1) - 6*DATA(JIF=2)+4 2¥DATA(LUF-3)
DIFF(JF)=BRAC/TIME
L =INBA+1
LN=INBA+6
DO 14 N=L,yLN
DIFF({N)=0.,0
ICT=4
DO 15 N=1ysINBAs7
ICT=1CT+1
Al=DIFF(N)
A2=DIFF{N+1)
A3=DIFF(N+2)
A4=DIFF(N+3)
A5=DIFF(N+4)
A6=DIFF(N+5)
AT=DIFF(N+6)
PUNCH 1739A1sA29A3 A4 9A5sA6ATHICT
FORMAT (TE1OQe&497Xs13)
GO TO 21
END
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Data Values For Figure I

INPUT PSIO11 AND PSIOL1lE

9999 222z 3333

01
02
03
04
05

R S

—————

31415900
0020
o0 027178 «65917 «76687
84045 50940 34536 «09776
=1.00455 -,90177 ~1405051 -482942 -+56123 -e21301
OUTPUT PSIO11lE
9999 3332 3333 0 O 0. 989 0.0000 Oe
00000 0 0.0000 Oe 040000 040000 00000
0.0000 Oe 431415900 Oe ~e¢1570 O.
0.000 040000 Oe 20 0

+0000E-99 +7159E-00 +8556E-00 «6936E-00 +4559E-00 +3051E-00-,1232E-00
~e6035E-00~-¢7782E-00-¢7614E~-00-e7865E~00-+1014E+01-+1048E+01-.8233E~00
~e3227E-00-4134TE-00 +1198E-00 +3955E-00 «B851E-00 +1087E+01 +O0000E-99

QUTPUT PSIC11

PSIOLl 1/22/63
9999 2222 3333  NOTE = 989

N DERIVATIVE
3 B8.8863340E-01
5 1,3004783E+00
7 24T463386E-01
9 645510987E-01
11 3,5155702E-01
13 -5,8978112E-02
15 ~647433653E~01
17 -1.1033886E+00
19 ~447711519€E-01
21 -7.9161516E-01
23 -1,0522151E+00
25 -1,2184344E+00
27 -B8.5496660E~01
29 -443392658E-01
31 4,1641729E-01
33 -5,8643877E~01
35 7.6594849E-01
37 8.4029890E-01

-31-
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j Data Values For Figure II
INPUT PSIOL1E 7250 0 2 0
} 7250 0 2222 0 . . 60 842100 . 001
842100 58 44,0200 62454362, 1040000  o0090 6245.4362 002
31.0000 62454362+ +03222222 62454362 $9666 62454362, 003
999,0000 212640500 4354, 529 0 004
5 +0000E~99 ¢9528E~02 +9528E-02-e6352E~02-e3811E~01-e5399E-01~03811E-01 005
¢1588E-01 +7622E-01 o1175E-00 ¢1111E~00 «7940E~01 «4446E—-01 ¢3176E~02 006
C4446E=01 o+7622E-01 +6669E~01 +6669E-01 o+3811E—-01-e3176E~015 4446E—01 007
3 ¢1270E-01 ,6034E-01 ¢2540E-01-e5717E~01-41111E~00~,2000E-00~,2382E~00 008
l —e2445E~00-01937E-00-4 1016E~00-43493E~01~46352E~02 «9528E~02-049528E-02 009
' e 4T64E-01=e6669E-01-¢4446E-01-09528E-02 «1588E-01 +4764E-01 +9528E-01 010
N ¢1429E-00 +1715E-00 o+1905E~00 «2000E-00 ¢1778E—~00 +1175E-00 «6352E-01 011
, ~¢3176E-02-07305E~01-41429E~00-41778E~00~01810E~00~41461E~00~49528E~01 012
! ~¢3811E~01 +1588E-01 +5399E-01 «8257E-01 «1270E~00 +1683E-00 +2096E-00 013
«2350E-00 42477E~00 o2540E-00 +2604E-00 «2445E—-00 «1905E-00 o1333E-00 014
. «7940E=01 o3176E~01-06352E~02~2e3176E~01-e5717E~01~eB8893E~01—¢1143E=00 015
| ~¢1333E-00~41588E-00~, 1683E~00-¢1524E-00~¢1270E~00~41270E-00~41461E-00 016
8 ~e1778E~00~-42191E~00=42509E—-00-2826E-00-42953E—-00~42826E-00~¢2477E-00 017
~42096E~00~91651E~00~41111E-00-e4446E~01 ¢2223E~01 +8575E-01 o1429E-00 018
: «1873E~00 ¢2191E-00 o24T7E-00 +2540E~00 +2509E—-00 +2318E-00 +2064E=00 019
; ¢1651E~00 +1270E-00 ,8575E-01 o+4764E~01 «0000E—-99-43176E-01-+6034E=01 020
! ~¢8575E~01-¢9528E~01~08575E~01-e6987E~Ol—e4446E~01-41905E-01 «3176E-02 021
¢2223E-01 +2540E=~01 41270E~01 +0000E~99~42540E—~01~+5399E~01~47622E~01 022
. ~+952BE-01~¢9846E=01-¢8B93E-01-eT940E~01~e5399E-01-+2223E-01 +0000E-99 023
! e2223E-01 o4128E-01 o+5081E~01 «5717E-01 «5717E~01 +6034E-01 «5081E-01 024
kL W412BE=01 ¢3176E=-01 ,2858E~01 +158BE-01 ¢6352E—02-46352E-02—,1905E-01 025
‘ —e3493E-01-¢3811E-01~¢4T764E-01-¢5717E~01—e5717E~01-+5081E~01-o4764E=-01 026
~e3176E~01-¢1270E-01 ¢3176E-02 +1270E-01 +£352E-02 +3176E-02 +0000E=99 027
} «6352E-02 o9528E~02 o2223E~01 +2858E-01 +3176E—01 +2858E~01 «2540E-01 028
«2540E~01 +2540E-01 o+1905E-01 «1270E~01 ¢6352E~02 ¢3176E-02 +0000E~99 029
i +0000E=99 +0000E-99~+31T6E~02 +0000E-99 ¢6352E~02 ¢2223E~01 «3811E~01 030
) e5399E~01 +6669E-01 o+T7622E~01 oT940E~01 «+7622E~01 +6669E-01 o4T64E~01 031
[ ¢2540E-01-¢3176E~02=43176E—~01-e4T64E~01l—e6669E—-01-47622E-01—-8893E~01 032
~9210E~01~e9210E~01-¢BBIZE—01-e7940E~01—e7305E~01~06352E~01~e4764E~01 033
~¢3176E~01-42223E~01~46352E-02 «3176E~02 «1905E-01 »3176E-01 +3811E=01 034
: e3811E~0]1 o412BE~01 o4128E-01 #4446E~01 o4764E—-01 o4T764E~01 +4128E~01 035
| e3176E~01 o1588E-01 ¢6352E~02~e12T0E~01~e2223E-01-43176E~01~e3176E~01 036
~+3176E~01-e3176E-01~¢2858E~01~e3176E~01~2540E~01~42223E~01~41588E~01 037
~¢1270E-01-41270E-01=06352E~02 «0000E—~99 «3176E—-02 +3176E~02~+3176E=02 038
; ~e9528E~02-0e1270E~01-¢1270E~01-e1270E-01=e1905E—~01-42223E-01=+2858E~01 039
~e2223E=01-¢2223E-01~¢1270E~01-e6352E~02 «6352E—02 «9528E-02 .1588E-01 040
¢1588E-01 ¢1270E-01 ¢952BE-02 ¢3176E-02-43176E~02-41270E-01-42223E~01 041
| ~e2858E-01-+3176E-01~03176E-01-e2858E~01—e2858E~01~e2223E~01-41270E-01 042
) ~e1270E~01~+6352E-02 o+3176E-02 ¢6352E~02 +9528E-02 +9528E-02 +9528E~02 043
e6352E~02 ¢3176E~02-06352E~02-21270E~01—¢1588E~01-42223E~01-42540E-01 044
, —e2540E~01~¢2858E-01—¢2858E~01-e2858E~01-+2B58E~01-+2858E~01-+2223E~01 045
} ~¢1588E~01~0952BE~02-¢6352E~02-06352E~02-46352E—02~+6352E~02-43176E-02 046
! ~¢3176E-02 +0000E~99 o+3176E-02 ¢6352E-02 +6352E—02 «0000E-99 +0000E~99 047
~e3176E-02-06352E~02-¢9528E~02-e1270E~01~e1588E—01-¢2223E—-01-42540E~01 048
. ~e3176E~01-03176E~01~+3176E—01-e2858E~01-e2540E-01-42223E-01=+1588E~01 049
f ~09528E-02-06352E~02 +3176E=02 +3176E~02 +3176E~02 «1270E-01 +1588E-01 050
! ¢1905E~01 +1588E-01 +1588E~01 +1270E-01 «+1905E-01 «1588E-01 +1588E-01 051
o1588E~01 o1270E-01 +6352E-02 ¢3176E—-02-43176E-02-+9528E-02~¢1905E-01 052
. ~e2B58E~01~+3493E~01-04T764E=01~e5399E~01~e5717E-01~+6034E-01~+5399E=01 053
! ~¢5399E-01-¢5081E~01~e4128E~01-¢3811E~01-03176E~01-¢2540E-01=¢1905E=01 054
i- ~49528E-02 +0000E~99 +6352E~02° ¢12T0E-01 +1588E-01 +2223E-01 +1905E-01 055
«1905E~01 o1588E~01 +9528E—-02 +0000E-99 ¢0000E~-99-49528E~02-¢1588E~01 056
- ~e2223E-01-¢2858E-01~43811E~01-+3811E-01~+3811E-01~-+3493E-01~+3176E-01 057
—02223E~01-01588E~01-¢6352E~02 ¢3176E~02 «158BE-01 »2223E-01 +2858E-01 058
-32-
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¢3811E-01 +3811E~01 .4128E-01 «3493E-01 e2B858E~01 +2223E~01 +1588E~01 059

¢+9528E-02 +0000E~-99~¢9528E-02~¢2223E-01-e3176E-01-¢3176E-01-43811E-01 060
~e3811E~-01-43493E~01~4¢3811E-01-e3493E-01-e3493E~01-43811E~01-43493E-01 061
~e2858E-01-42858E-01-43176E~01-42858E-01-e2540E-01~42223E~01-«1588E-01 062
~e1588E-01-¢6352E~02-46352E~02 «0000E-99 «3176E-02 +.9528E-02 .1588E-01 - 063

+1905E-01 «2540E-01 +2540E-01 «3176E-01 +3811E-01 «3493E-01 +2540E-01 064

02223E~01 +1588E-01 49528E-02 +0000E-99-46352E~02-41270E-01-42223E-01 065
~e2540E~01—¢3493E-01~¢3811E~01~e4128E-01~e4128E~01~44128E~01-43176E-01 066
~¢3176E~01-e3176E~01-42223E-01-e1905E-01~-e1270E-01~-46352E~-02 «0000E-99 067

¢3176E-02 «952BE-02 +9528E-02 «9528BE-02 +9528E-02 +9528E-02 «3176E-02 068

¢3176E-02 ¢3176E-02 +43176E~-02-e3176E-02 +0000E~99 .0000E~99-¢3176E-02 069

«0000E-99 +0000E-99 +3176E-02 +6352E-02 «9528E~02 +9528E-02 «6352E-02 070

e6352E-02 #6352E-02 ,9528E-02 «9528E~02 «9528E-02 «9528E-02 «9528E-02 071

+6352E-02 +0000E-99-¢3176E-02-e6352E~-02-+1270E~-01~¢1905E~-01~42223E~01- 072
—e2540E-01~¢2858E~01-43176E-01~e3176E~01~e2858E-01-¢2540E-01-41905E~01 073
—+158BE-01-e9528E~02 43176E~02 «3176E-02 «1270E~01 +1905E~01 42540£E-01 074

0e285dE=-01 +3176E-01 +3176E~01 ¢3176E-01 #3176E-01 «3176E-01 .2858E-01 075

02223E~01 ¢2223E~01 +1905E-01 «1270E-01 «9528E-02 «3176E-02 .0000E-99 076

«0000E~99~46352E-02~41270E~01-¢1588E-01~+1588E~01~42223E-01~+1905E~01 077
—e1588E~01-41588E-01-49528E~02 «0000E-99 «3176E-02 .6352E-02 .9528E~02 078

«1270E-01 +1588E-01 +2540E~01 «1905E-01 #2223E-01 42223E-01 42223E-01 079

¢2223E-01 +1588E-01 +1588E-01 .1588E-01 «0000E-99 «0000E-99 «0000E~99 080
CUTPUT PSIO1LlE 7250 0 2 0 DIFFERENTIATED TWICE

7250 2220 2222 0 0. Oe¢ 60 842100 O 1

842100 58 4,0200 62454362, 10,0000 «0090 624544362 2
3140000 62454362+ 403222222 62454362, e9342 62454362, 3
999,0000 2126,0500 4354, 529 0 4

+0000E~99-41836E~00~¢5138E+01-+8869E+01-e3272E+01 «1079E+02 42204E+02 5

¢2100E+02 +5099E+01-e146TE+02-e2559E+02~02224E+02-¢5350E+01 +1323E+02 é

«1950E+02 +669TE+01~.8839E+01—,1743E+02-a1531E+02-,2886E~01 +2200E+02 7

02314E+02—-45228E+01~¢3170E+02-43191E+02-e1247E+02 «5524E+01 +2331E+02 8

+3590E+02 «3779E+02 +2030E+02-¢3733E+01-¢2072E+02-¢2489E+02-42042E+02 9
~eT430E+01 +9451E+01 +1838E+02 +1370E+02 «6237E+01 «4644E+01 «4180E+01 10
~e1012FE+01 - 7893E+01-e124TE+02-41760E+02~e2165E+02-e2026E+02~+1270E+02 11
~e6T40E+01~¢3941E-00 ,9000E+01 »2179E+02 «2864E+02 +2705E+02 «1795E+02 12

0694 6E+01-e2696E+01-46213E+01-e3671E+01 «¢B875E-00 +4282E-00~44124E+01 13
~e8959FE+01-+9298E+01-+8318E+01~e1100E+02~21690E+02~41806E+02-41048E+02 14
—e6982E~00 +5834E+01 o 7788E+01 «6354E+01 +2846E+01 «1050E+01 41533E+401 15

¢289T7E+01 o5797E+01 +1098E+02 ¢1144E+02 «2841E+01-e9426E+01-41504E+02 16
~e1212E+402-e5501E+01 +1467E+01 +7981E+01 «1485E+02 +1812E+02 .1608E+02 17

¢1067E+02 «BO4BE+01 +77B89E+0]1 «6625E+01 «2473E+01-e2501E+01-e6849E+01 18
~e9111FE+01=e1029E+02~41103E+02-¢1268E+02~¢1275E+02~-¢1217E+02-49966E+01 19
~e1576E+01-e3625E+01~¢1772E+01-42451E-00 «1281E+01 +4273E+01 »5984E+01 20

e8464E+01 «1116E+02 +1247E+02 «1006E+02 «5964E+01 ¢1741E+01~42326E+0] 21
~ebB821E+01-e987T7TE+01~41024E+02~eB8257E+01~e5720E+01~e2235E+01 «2354E+01 22

«7003E+01 «9420E+01 «S4B3E+01 +B8535E+01 «6943E+01 «3547E+01-45524E-00 23
~03213FE+01 ~e4343E+01-45136E+01~e4708E+01~e4007E+01-43641E+01-e3975E+01 24
~¢2108E+01~+4571E~00 41530E~00~a1192E+01~e1345E+01~¢1406E+01~49217E~01 25

¢1069E+01 +1955E+01 +1406E+01 «2386E+01 «3762E+01 «4649E+01 «4465E+01 26

44356401 #2416E+01~42050E+01-e5933E+01-e6207E+01~¢2354E401 +1284E+0] 27

«3485E+01 ¢2813E+01 o1467E+01=01437E+01-¢3149E+01~e3089E+01~41009E+01 28
~e6042E-01~¢T7323E~00~41803E+01-41191E+01 +1840E~00 +1314E+01 +1466E+01 29

¢1038E+01 ¢5505E-00 +9786E-00 +2905E+01 «4434E+01 «4404E+01 «2202E+01 30
~e1831E~00~¢2324E+01-03792E+01-e510TE+01~e611TE+01-e6576E+01~46422E+01 31
~e5261E+01~¢2538E+01 +9173E~00 «3701E+01 +3822E+01 +3577E+01 +3364E+01 32

«33-
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e4221E+01 +4250E+01 +3790E+01 +2630E+01 «1989E+01 «2325E+01 +1989E+01 33

e8258E~00~66126E-00-+3066E~00 ¢3103E~01-¢1225E~-00~e2141E+01-e3456E+01 34
~e3364E+01-4143TE+01~21206E~00 «3077E~00-eB8260E-00-42508E+01~+4098E+01 35
~e3699E+01~e2722E+01-¢1040E+01-01241E~02 «2293E+01 «3578E+01 43945E+01 36

¢247BE+01 +1009E+01 +3981E-00 «5810E-00 «1467E+01 +1068E+01 +1226E~00 37
~e7634E-00-43069E~01 +7942E~00 ¢1836E-00~e1773E+01-e3240E+01~-+2813E+01 38
~e733BE~00 +1223E+0] ¢1223E+01-41839E~00~41346E+01~e6166E-01 ,1529E+01 39

¢3058E+0]1 «250BE+01 +2569E+01 «1253E+01 ¢2442E-00~41743E+01-42354E+01 40
~e2905E+01-¢250TE+01-e2017E+01-e1589E+01-e1467E+01-e1039E+01 +2746E-00 41

¢1772E+01 «2782E+01 +2508E+01 1B66E+01 «1712E+01 +1528E+01 .5807E~00 42
—e9186E-01 +3357E-00 ¢2144E-00-¢1069E+01-e1926E+01-41865E+01~01468E+01 43
—+1865E+01~¢1926E+01~41345E+01 «3134E~-01 «7650E~00 «9794E-00 «1039E+401 44

«1038E+01 «7021E-00 +5810E-00 «4593E-00 «8260E~-00 «1467E+01 «2078E+01 45

¢1192E+01~e4578E-00~41772E+01~e1773E+01-47341E~00 «1835E-00 +5811E~00 46

«4282E-00 «5812E-00 +1835E~00-+1009E+01~¢1957E+01~e1621E+01~¢3976E~00 47
~e1223E~-00~-¢1831E~00-42750E~00~¢2751E~00~-+4583E-00~-+5801E-00 ,1222E~00 48

«8B53E-00 +1895E+01 «1928E+01 «1591E+01 «1007E+01 +1006E+01 «7638E~00 49

«5514E~00-¢1213E~00~48559E~00-¢1100E+01~a9310E-04 +8249E-00~.4279E-00 50
~e1834E+01-42170E+01-¢3372E~-00 «5194E-00 #7345E-00-04574E~00~¢6119E~00 51
~el101E+01~41223E+01-41313E+01-e7029E~00-48565E~00~+1192E+01-,1039E+01 52
—¢5511E-00-41545E~00 «3963E-00 «1621E+01 «2784E+01 »2936E+01 ,2202E+01 53

«1407E+01 «1315E+01 +1069E+01 +3963E-00 +1222E~00 +4586E-00 «1008E+01 54

¢7637E-00 +0000E-99-e¢1039E+01~¢1192E+01-e1406E+01-41621E+01-¢2201E+01 55
~¢1895E+01-e2139E+01-41406E+01~e6738E~00 «1824E-00-+4580E-00~¢3351E~00 56
—e3662E-00 +3662E~-00 +1160E+01 +2660E+01 «2661E+01 «2415E+01 +1925E+01 57

¢1896E+01 «1163E+01 +1132E+01 +6424E-00-¢1533E-00-41071E+01~-41284E+01 58
~21437E+01~e247T7E+01-¢3089E+01-e3209E+01~e1925E+01~48248E~-00-42755E~00 59
—e7352E-00~e1316E+01-e1193E+0]1 «2448E-00 +1957E+01 «2661E+01 42141E+01 60

¢1620E+01 «1039E+01 ,3972E-00-+1224E-00-43061E~00 +5197E~00 »1253E+01 61

e4BB8IE-00~e978B9E~00~47639E-00 47962E~-00 «1467E+01 »7321E~00 .3970£-00 62

e3134E-01 +2758E~00~42749E-00 +2454E~00 «3364E-00 +5806E-00-.9310E-03 63
~¢5818E-00~¢6110E-00~41514E~00 +6206E—~01-e1836E+01-e3487E+01-.3088E+01 64
—e9458E-00-¢3966E~00~46427E-00-¢5818E~-00 «3072E-01 +2755E-00 +1523E~00 65

«4273E-00 «5803E-00 +1437E+0]1 «1652E+01 «2415E+01 «2108E+01 +1191E+01 66
~+9062E-01 +2777E~00 +1102E+01 +B8557E-00 «3956E-00-49279E-01-41827E-00 67
—¢8553E-00~-¢1161E+01-¢1621E+01~e1192E+01~e1101E+01-+9176E~00~46117E-00 68

e6117E~00 +3671E-00~49180E~01~41529E~00 «6422E~00 +4282E-00 +2446E-00 69

«6116E~00 +8870E-00 +8564E~00 ¢1835E~00-e7340E-00~¢1498E+01-41039E+01 70

«3058F~00 +9175E~00 +5810E~00~ua3058E~00-e4587E~00-5504E-00—+1009E+01 71
-e1498E+01-41039E+01~-,2436E~-00~42T43E~00-¢4891E~00~41241E-02 ,7632E-00 72

«7332E-00 ¢5494E-00 o1009E+01 +41775E+0)1 «2051E+01 «1467E+01 +8542E~00 73

e9772E-00 +9487E-00 ,4285E~00~44897E~00~e6206E~03-042138E~-00~,6405E~00 T4
~el588E+01-41467E+01-41316E+01-e7350E~00~e5511E-00-41009E+01~+1223E+01 75
~e5B0BE-00 +6107E-01~43052E~00-+7632E~00~¢4271E-00 +4274E~00 «7635E-00 76

e3060E-01~¢7945E~00~-41837E~00 «¢6718E~00 «1131E+01 «1132E+01 +1651E+01 77

¢1466E+01 +1528E+01 «1529E+01 ¢7651E-00-e7945E-00-¢1192E+01~¢5508E-00 78

¢5497E~00 ¢9145E-01-47645E~00-e1803E+01-07331E-00~¢2141E-00~¢4594E~-00 19
~e1192E401~e6115E-00 +9784E~00 +2B813E+01 «0000E~-99 «0000E-99 .0000E~99 80

7250 2 2 1 OBSERVED

7250 2222 2222 1111 . « 60 6048000 43542147, 001
1144.2000 356 e 1466 62454362, 110000 =.0240 624544362 002
7040000 62454362+ «01428571 62454362, «8999 62454362, 003
999,0000 2126.,0500 4354, 498 0 004
«0000E=~99 +8577E~03 ,1286E—-02 «1286E-02 #1286E-02 «0000E~99-~,1715E-02 005
~e3431E-02-41286E-02 46433E-02 «2058E-01 #3045E~01 +3516E~01 +3002E-01 006
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e1458E-01~+814B8E-02-42616E~01-e3516E~01~+5318E~01-e6090E~01-46561E~01

~e5961E-01-e3859E~01-4857T7TE~02 +2744E~01 «4546E-01
01 «3002E-01 »20%BE~01

«7076E-01
+2358E-01

+«1350E-00

«5318E~01 +3859E~
~e6905E-01~49778E-01-¢9006E~01~e4245E-01
W 4288E-02 o2444E~

+1428E-00 ,1188E-

«3045E-01
01 +6047€-01 «7333E-01
—e5T04E~01~e9692E-01~41127E~00~-¢9864E~01~-s5918E~01
00 «8920E-01 «S5017E-01

«6561E-01 +7505E~01
«1715E~02~42230E-01
06947E-01 .5618E-01
¢5361E-01~47291E-02
«2144E-02 .8448E-01
+1801E~01~«1715E-01

~e3645E-01-e43T4E~01~e4589E~01-e4160E-01~e398BE~01-45918E~01-48148E~01

—¢9306E~01-48792E-01~¢5361E-01~42701E-01
¢5575E-01 «4031E~01 «3130E-01 #3473E-01 «4288E—~01 +4160E~01 ¢3516E~01

«2187E-01
-+¢1029E-01

«1672E-01
«3045E-01

¢« 2230E-01

«4846E-01 +5918E-01

¢12B6E-02-¢3216E~01~e5446E~01~eb6819E~01-¢6047E-01-43559E~01
01 «1200E-01-e3859E~02-¢2358E~01~+3045E-01

«9435E-02 L,2015E~
~+2701E-01-41286E-01

¢« 1286E-
¢3045E~-01 +3645E~
+1887E-01 ,1929E-

01 «2058E-01 +2015E-01
01 «4932E-Q1 +5961E~-01
01 +2058E~01 +1887E-01

«1672E-01 +1286E~01
¢5618E~01 +4417E-01
«1072E-01 «1715E-02

~¢7291E~02-42058E-01-42830E~01-e3559E~01~e4160E~01-e5275E-01~45918E~01
~e5961E~01-45403E-01-44288E-01-43431E~01~2058E~01~-.1200E-01 +4288E-03

+9006E-02

«2273E-01
«1157E-01

«2315E-01 ,3173E-
—¢2916E-01-43087E-01-,1801E~01~«3002E-02
e1372E-01 ~1115&E~-
¢2358E-01 +4288E-

01 +3259E-01 +2273E-01

«1157E~01
01 «1072E-01 «9864E-02
01 «5275E-01 «4932E~01

«2144E-02-41672E-01
«2273E-01 42916E-01
«6004E~02 .4288E-02
«2701E~01 +9006E~02

~e5146E-02-¢1072E~01-¢1072E-01-e1072E-01-¢1286E-01~61501E-01~-+1501E~01

—e1286E-01-¢1243E~01-46862E-02 +1286E-02 +8148E~02
e 4T1TE-02~e2144E-02-43859E~02~-e2144E-02

«2573E-02

«1072E-01 +8148E-02
«4288E~02-42573E~02

—el629E-01~e3345E-01~44245E-0)~e4117E-01~e2744E-01-4e9006E~02 ,1243E~01

¢3216E~01
«1586E-01

—e9864E-02~e6004E-02~44288E~02-e3859E~-02-e2144E~02
01 «1372E-01 +1286E-01
01 +2573E-01 «2315E-01
01 «2187E~-01 «2273E-01
02 «6433E-02 +6433E-02

«7719E-02
¢2358E£-01
«1629E-01
«3002E-02

e3645E~01 +3559E~

01 +.3388E-01 «3431E-01

«3259E-01 +2530E-01

+3002E-02-43002E-02-¢9435E~02-41329E~01~41715E~01-421887E~01
—02230E~01~43002E-01-+3516E~01-e3731E~01-¢3602E~01-e3045E-01-42058E~01
~¢1501E-01~-0145BE~01-41501E-01-+1501E~01~+1415E-01-41243E-01-41157E-01

«1072E-01 +1329E-
¢2616E~01 +2744E-
«1715E-01 .1929E~
«3002E~-02 +4288E-

»1286E-02 4717E~-02
«1329E-01 +1715E-01
«2058E-01 +1758E~01
0 1629E-01 +8148E-02
«2573E~02~.8577E-03

~e5575E~02-49435E-02~e9006E~02-4B8148E~02-e6862E~02-eB8577E~02~41115E-01
—#1672E-01-42101E~-01-¢2144E~01~41801E-01~¢1501E~01~-e1115E-01~.,1072E-01

~e1243E-01-¢1243E-01-.1072E-01-45575E—-02
0«2273E~01 +2616E-
«8577E~02 ,8148E-~

«1758E~01
«1157E~01

«1715E-02
01 «2873E-01 +2701E-01
02 «8148E-02 +7719E-02

«7291E~02 +1243E-01
02144E-~01 +1672E-01
«6433E~-02 .1286E-02

~e6004E—-02-41115E-01~4¢1501E~01-e1758E~01~e1715E~01~41543E~01-41415E~01
~e1286E~01-41243E-01-41415E-01-e1501E-01~-+1372E-01~41115E-01-45146E-02

~e8577E~-03
«1329E~01
«6433E~02
¢3431E-02
e 7291E-02
«5146E~02

«1029E~-01

«2573E-02 +4288E~
«1072E-01 +9435E-
«6862E-02 +8148E-~
«1715E~-02 +B8577E~
«6004E-02 +2144E-
«3859E-02 +2573E~

«1501E-01 +1758E~

02 «6004E-02 «7719E-02
02 +7719€E~02 «6004E-02
02 «8148E-02 «6433E-02
03 +1286E~02 «3002E-02
02 «4288E~03 +4288E-03

«9006E-02 L1200E-01
«6004E-02 ,6862E-02
«5575E-02 «4717E-02
«4T717E~02 +6433E~02
«2573E~-02 «5575E-02

02 «0000E~99-42144E~02-e3431E-02-44288E-02
~e5146E~02~46433E-02~e6B862E~02-4T7T719E~02~e7291E~02-¢6862E-02-46862E~02
~e7719E~02-¢8148BE-02~e7291E~02~e6433E-02-+5146E~02-e2144E-02 ,3859E£-02

0l «1629E-01 +1200E-01

«9435E~02 J5575E-02

02144E~02-41286E~02-43859E~-02-06862E-02~+814BE~02-48148E~-02-47719E-02

—¢5146E-02~

«8577E-02
e5146E-02
«2573E-02

—#2573E-02~48577E~03
«9006E-02 .1072E-
«1415E-01 +1243E~

e6862E~-02
«1458E-01

¢2144E~02 L1715E-~-

02 «3859E-02 +6433E-02

«9006E-02 +.9006E~02

¢55T5E~02 «3002E-02~e4288E~03-e1286E~02~4428BE-03 +1715E~02

«6433E-02 #T7719E~

02 +6433E-02 +4717E-0Q2

«3431E~02 42144E-02

+0000E~99—¢2144E~02-42573E-02~¢3431E~02-,3002E-02~,3002E-02
—02573E~02-¢4288E-03 41715E-02 +2144E~02 «1715E~02-+4288E~03-42144E-02
~o4T71TE~02~e68562E-02-49435E~02-49435E-02-¢9006E~-02-47719E~02-44717E~02

«1286E~

02 «2573E-02 +4288E-02
01 «1243E-01 +1372E-01
01 «1200E-01 «9006E~02
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«55T5E~02 +6433E-02
«1458E-~01 +1501E-01
«5146E-02 +3002€-02

007
008

009
010
011
012
013
014
015
016
017
018
019
020
021
022
023
024
025
026
027
028
029
030
031
032
033
034
035
036
037
038
039
040
041
042
043
044
045
046
047
048
049
050
051
052
053
054
055
056
057
058
059
060
061
062
063
064
065
066
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¢1286E~02-«857TE-03-41286E-02~-41286E-02-02144E~02-43002E~02-e5575E-02
~eT7719E~02=-e7T719E~02~¢7291E~02-e5146E-02-¢3431E-02~e2144E~02~-+2573E~02
~e3859E~02-96433E-02-e6862E~02-06B862E~02-e6433E-02~e5575E~02-45575E-02
—e5575E~02-e5575E-02-46004E-02-e5575E~-02-¢3859E~-02-42144E~02

e857TE~03 +857TE-03 41715E-02 +8577E~-03 40000E~-99
o 4288E-03 +0000E-99 +4288E-03 «1715E~02 «3431E-02
e5575E-02 «4717E-02 +4288E-02 «3859E-02 «3431E-02
~e857TE-03-41715E-02-42144E-02-01286E-02-44288E-03
e6004E-02 #8577E-02 +1029E~-01 «1072E-01 «8577E-02
¢3859E~-02 +0000E-99 +0000E-99 «0000E~-99 «0000E-99

FIGURE T IS A PLOT OF ONLY THE FIRST PORTION OF THE ABOVE OUTPUT AND OBSERVED
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+4288E-03
«5146E-02
¢ 2144E-02
«1715E-02
«6862E-02
+«0000E-99

+0000E-99
«8577E~03
«5575E-02
«0000E-99
«4288E~-02
¢5146E-02
«0000E~99

067
068
069
070
071
072
073
074
075
076
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COMPUTER PROGRAM DESCRIPTION
PSIO12 Smoothing by Fourth Differences IBM 1620

By Nancy L, Nuhn

PURPQOSE :
To correct for random errors of seismic data traces

by smoothing,

RESULT:
A smoothed seismic data trace. Any number of traces

may be handled.

REQUIREMENTS:
1. Core storage of at least 40,000 digits.
2, The number of readings must not exceed 500 for

each trace., This number may be increased (within
the limits of the memory of the IBM 1620) by
changing the number in the dimension statement
of Fortran deck and recompiling.

3. The form of input for the digital data is described

in the section on input,

INPUT:
The form of input for the digital data must be identical

with that described in the "output! section for computer

program PSIOO02REV (Semi-Annual Report to United States

Coast and Geodetic Survey, by Planetary Sciences, Inc., 31

December, 1962)., The readings are referred to by the

variable name AMP in the program., They are read in floating
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point with a format E10.4,

METHOD ¢
Computations are done in floating point using the method
of smoothing of data by fourth differences.

(Reference: Lanczos, C., Applied Analysis, 1956, p. 309,

pp. 316-320)

e

Yn = Yp = (3/35) 8%
where:
Yp = the smoothed data value referred to as the
variable name SAMP in this program,
y = the actual data value referred to as the
variable name AMP in this program,
6“yn = the variable name DIFF in this program.
This equation will correct all data values excluding the
first two and last two data points, ie: to smooth a value by
fourth differences there must be:two points to the left and
right of the value,
The first data point will always be set to zero,
The second data point is smoothed through the use of
the following equation:
Yy =¥y = (2/5)8%, - (1/7)8%y,

where:

§3y, = the closest 3rd difference,

the Elosest 4th difference

and s4y .,

in a difference table.
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The next to the last point is corrected with:
y = 3, . Y
YINBA-1 = YINA-1 * (2/5)8%yg - (1/7) 8%y,
and, the last point:

- _ ) 3 X
YINBA YINBA (1/5)s Vg + (3/35)86 yB

where:
INBA = total number of data values
63y8 = closest 3rd difference

and G“ys = closest 4th difference

in a difference table.

ANALYSIS:

It was anticipated that the original data would gradually
be corrected to a point where the smoothing was no longer
effective as in sample data points 28, 30, 34 and 36 in
figures 1 and 2. (The original data was smoothed 4 times.)
-This would eliminate errors such as galvanometer string-
whipping and reader random errors with no distortion of
the actual or real motion of the trace,

However, as is evident in sample points 16, 17 and 18
of figures 1 and 2, the original data reading (minus its
baseline) was corrected beyond the limits expected of random
erTrors.

Until further investigation is done, it is recommended

that PSI012 not be applied to the actual data traces,
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POINT
16,
17,
18,
21,
22,
23,
26,
28,
30.
32,
34,
36.
40.
41,

ORIGINAL
89.07
64.00

-122.1

-186.41

-104.,08

-25,02
-77.05
-64.04
-67.04
-51,04
48.04
216,20
85.08
‘4.003

lst
116.34
21,15
-92,42
186.41
101,94
-32.48
-70,51
-64.71
-66.,59
-54.,03
52.83
216,86
91.86
-1.48

2nd
109,87
21.24
-99,01
-181.83
-103.92
-36.40
-67.77
-66,81
-66,19
-54,22
54,72
215,23
91.01
-0.2618

Figure 1

3rd
111.738
14.89
-97.40
181,87
104,08
-41,03
-64,85
-67.94
-66.22
-53,70
56,35
215.54
86.59

-0.3718

4th
110.51

12.74
-98.70
180.01

106.02

-44.21
-62.68
-68,84
-66.64
-52,97
57.48
215.35
90.98
-00,00049

Actual data values (minus baseline) smoothed by fourth

differences: one, two, three and four times,
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AX Ax1 AX

2 3

16, 27 -16 2 -2
17, -43 0! -6 -2
18. 30 -7 2 -2
21, 08 4 -1 2
22, 2 -2 0 -2
23, -7 -4 -5 -3
26. 7 2 3 2
28, -1 -2 -1 -1
30. 0 1 0 -1
32, -3 0 0 1
34, 5 3 1 1
36. 1 -2 0 0
40, 7 -1 -4 4
41, -3 1 0 0

Ax = data - first smoothing values

Ax; = first smoothing - second smoothing values

Ax, = 2nd smoothing - 3rd smoothing

AX 3rd smoothing - 4th smoothing
Figure 2
It is anticipated that PSI012 will be useful with other
codes such as smoothing the output of codes forming the

derivative of a trace.

OPERATING INSTRUCTIONS:

The operating procedures are identical to those described

in computer Program Description PSIO1l,
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OUTPUT:

All data values for AMP, SAMP, and DIFF are punched
with a format of E10.4., There are no DIFF values punched
for the first two and last two data points. The SAMP
value for the first data point will always be zero,

The results are numbered consecutively, one through INBA
with a fixed point format of I4,

Following these results, the four format cards and
the smoothed values for the original data (SAMP) are
punched in the same format as the input, E10.4.

To run the same data trace through this program any
number of times, reload the final output (4 format cards and
the smoothed differences). A flow chart, test problem,

and listing of the Fortran deck are presented on the

“following pages.

-42-



@A’, g1 44I0%8+ 8¢ 4310%¥2°0- (N)dW VY = (W)dWVS [+ 8 44I0*0L/01-9¢ 441a%P0+ (WAN)dWV=(WN)JdWVS

©—] - W)INY * @-W)dWT* 9+ (W) N+ (I-WIINY X b (N)dIAY = 841

@;I (S-W)dINV - (2-N)dWT*O'E *+ (I-N)dINV*¢ (W) dWv=8¢44Ia AIL <vnE_Q*ON\O._|<m|._..__a*¢.O-ANES_< =(2)dWVS

2 0=(1)dIvS (MW Y(E)dWY XO'9 (R)IWY +(b)dWY) * b (S)dV = V310

4
3

€ (NdNY -(2)dWV*OE+(S)dNV*O'E - (b)WY = V€ 431d

<-V8NI =NI

-W=KNN VanNi =N

. P ‘ SQY¥VD 1VINHOS
——— 013 ' vaNI _"zv
22 = -
0'6e/0%=8 % NNy QY au 40 =veN b avay 1y9vis

© & & & &

|| upajpio4 —buyjoowsg

2o ISd



; A . <mz_._nzv @
. aN3 [« [ @L @9 ‘INJdJAVYS HONNd

@?momqo szoiv%%gz% A._M,_zz_\“%u,ﬂm 4410 'dWVS
b HON W HONNd ‘WA HONA dAY ‘I HONNd

@] (D331a%a-(1)dWV=(1)dWVS (Z* 1)WY + (NdWNTXS* ((1+1)dNY+ (- )W) % b - (2-DdWY) = (D310 [+
© . 013 “(2)dWVS - 0I3(NdNVS
£l A.@as_q HONNd ‘(NdWV HONNd

2 ‘bd 210 1Sd




§ i §

TEST

INPUT:

0 99999999999999

0.0000 0 0.,0000 0.
0.0000 0.0,00000000
0.0000 0.0000 0. 18
.0000E-99 .0000E-99 ,0000E-99
.2000E+03 ,2000E+03 ,2000E+03
,0000E-99 ,0000E-99 ,0000E-99
OUTPUT:

0 9999999999999

0.0000 0 0.,0000 0.
0.0000 0.0.00000000
0.0000 0.0000 O, 18
.,0000E-99 ,0000E-99 ,0000E-99
.2171E+03 ,2171E+03 ,1485E+03

.5142E+02 -,1714E+02 -,2857E+02

PROBLEM
0 0.0000 0.
0.0000 0.,0000 0.0000
0. 0.0000 0.
0
.0000E-99 .0000E-99 ,0000E-99
.0000E-99 ,0000E-99 ,2000E+03
.0000E-99
0 0.0000 0.
0.0000 0.0000 0,0000 -
0. 0.0000 0.
0
.0000E-99 -,1714E+02 ,5142E+02
.3428E+02 ,3428E+02 ,1657E+03
.1714E+02
-45-
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O n

50

20
14

15

16

PSI012
SMOOTHING BY FOURTH DIFFERENCES
DIMENSION AMP(500)sSAMP(500)sDIFF (50 )
READ 293 JAsIB»JCsJDIAESAF s JGsAH AL
FORMAT (4153F9«09F8a s14sF1l0e4sF1060)
READ 3y AKsJLsAM9sANSIAOIARIAS
FORMAT (F1lOe439159F1 o43F10s09F)1 o4sFB8e&4sFl o4)
READ 4, BAsBCH»BDsBE+BFsBG .
FORMAT (F1l0e49F10409F10489F10e 9F10e49F10s )
READ 59 BHsBIsBJsJF s JE
FORMAT (2F10e49F6.09215)
INBA = JF
READG6 s (AMP(N) sN=149INBA)
FORMAT(7E10e4)
PUNCH 50
FORMAT (34H I AMP (1) SAMP( 1) DIFF(I))
B = 340/3540
M = INBA
MM = M - 1
IN = INBA =~ 2
DIFF3A=AMP(4)=-3,0%AMP(3)+3,0#AMP (2)-AMP (1)
DIFF4A=AMP(5)—4 4% (AMP (4 )+AMP (2) )46 4 O¥AMP (3 )+AMP (1)
SAMP(1) =0.0

SAMP(2) = AMP(2)-0+4*DIFF3A-1,0/7.0%¥D1FF4A

DIFF38B. = AMP(M) — 3.#AMP(M-1) 4 3+*AMP(M~2) = AMP(M-3)
DIFF4B=AMP (M)—4 ¢ ¥ (AMP (M—=1)+AMP (M =3 ) )46 « *AMP (M~2 ) $+AMP (M=-4)
SAMP (MM } = AMP(MM )< «4%DIFF38—1e0/7.0*DIFF4B

SAMP (M) = AMP(M) - O.2%*DIFF3B - B*DIFF4B

PUNCH TsAMP (1) » SAMP (1)

FORMAT (4H 192E10.4)

PUNCH ByAMP (2) s SAMP(2)

FORMAT (4H 292E1064)

DO 2 1 = 3s IN
DIFF(I)=(AMP(1=2)~44%*(AMP(I1-1)4AMP(I+1))+6+*AMP(1)+AMP(1+2))
SAMP (1 )=AMP(1)~-B*DIFF (1)

PUNCH14s 1 sAMP{ 1) oSAMP (I} +DIFF(I)
FORMAT(1443E1044)
PUNCH15sMM s AMP (MM ) » SAMP (MM)
FORMAT (14 2E10¢4)
PUNCH16+sMy AMP (M) » SAMP (M)
FORMAT(1442E10.4)

PUNCH 2 JA9JBsJCH»JDIAEsAF s JGsAH AL
PUNCH 3s AKsJLIAMIANSAOARAS
PUNCH 4, BABC,BD,BE,BF»BG

PUNCH 59 BHsBIsBJsJFsJE

PUNCH&6 s (SAMP(N) sN=14s INBA)

GO 10O 21

END
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COMPUTER PROGRAM DESCRIPTION

PSI1013 Cosine Taper IBM 1620

By Marilyn E, Westin

PURPOSE :
To taper a data trace so that the last data reading is on

the baseline. Any number of traces can be handled.

RESULT:

A trace which returns to the baseline at the righthand end.

REQUIREMENTS:

1. A core storage of at least 40,000 digits.

2. The number of readings must not exceed 1000 for each
trace. (This number could be increased for an IBM 1620
with a larger memory by changing the number in the

dimension statement of the Fortran deck before compiling.)

INPUT:

The form of input for the digital data must be identical with
that described in the section entitled "Output" for computer

program PSIO02REV or PSIOO6REV.

METHOD :
The data readings of the last tenth of the trace are
multiplied by a function which gradually brings the trace back to

the baseline., The function used in this program is a cosine taper,
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and the equation is

g(t) =(1/2)[1 - cos(1l0mI/INBA)] | (1)
where
I = the number of the data reading being multiplied
by g(t)
and

INBA = the total number of readings, which corresponds
to the length of the trace.
See figure 1 for a plot of this function from 0.9 < I/INBA < 1.

(Reference: Munk, Snodgrass and Tucker, Spectra of Low-Frequency

Ocean Waves, 1959, p., 295.)

Since this procedure removes half the energy from the last
tenth of the trace, the final spectral values must be adjusted by

multiplying by 1.053.

ANALYSIS:

The test problem on which this code ‘was run was a straight
line consisting of 100 data points, each with a value of one(l).
The results are shown in figure 1. The actual values are simply
evaluated from (1). The code was then run on an actual data
tféce, 7250 0 1, and the plot comparing the original and tapered
tail end of the trace is shown in figure 2,

It is hoped that this cosine taper will reduce the high
amplitude near zero frequency. Such high amplitudes are thought
to be caused, in part, by the step function created when
digitization did not stop with a value at or near the baseline.
Anomalous high frequency values may also be reduced by this

correction,
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OPERATING INSTRUCTIONS:

The operating instructions are identical with those

described in PSIOIl1.

OUTPUT:
The form of output is identical with that of the input.
A listing of the Fortran deck is presented on the following

pages.
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S o 1

10
16

12
17

13

19
20
23

22

18

200

102

103

PS1013
COSINE TAPER
DIMENSION DATA (100 )
READ 2% JAsJIBsJCsJDIAEIAF» JGsAH»AT 9 IONE
FORMAT (4159 F9e09sFBe0214sF10s4sF10e 917X912)
IF (IONE 1) 69 79 6
READ 3y AKsJLsAMsANsAOSARIASSITWO )
FORMAT (F10e49159F1 o49F10e00F1 oa49FBalsFl «4315Xy12)
IF (ITWO 2) 8, 99 8
READ 4 BAsBCsBD»BEsBFsBGs I THREE
FORMAT (F1l0e49F10e09F10e8sF10e 9F10e49sF10e 218Xs912)
IF (ITHREE - 3) 10»s +11y 10
READ 5% BHsBl sBJsJF s JE» IFOUR
FORMAT (2F10449F6409215942Xs12)
IF (IFOUR 4) 125 13y 12

PRINT 14

FORMAT (25H CARD ONE OQUT OF SEQUENCE)
PAUSE

GO TO 21

PRINT 15

FORMAT (25H CARD TWO OUT OF SEQUENCE)
PAUSE

GO 70 21

PRINT 16

FORMAT (27H CARD THREE OUT OF SEQUENCE)
PAUSE

GO TO 21

PRINT 17

FORMAT (26H CARD FOUR OUT OF SEQUENCE)
PAUSE

GO TO 21

INBA = JF

ICTR = &4

DO 18 I = 1» INBAs 7

ICTR = ICTR 1

READ 193sA19A29A35A49A51A69ATHICT

FORMAT (TE10e4+s7Xs13)

IF (ICTR ICT) 20y 229 20

PRINT 23s ICTR

FORMAT (5H CARDsI4916H QUT OF SEQUENCE)

PAUSE

GO TO 21
DATA(I) = Al
DATA(I+1) = A2
DATA(I+2) = A3
DATA(I+3) = A4
DATA(I+4) = A5
DATA(I+5) = A6

DATA(I+6) = AT
IN=INBA - (INBA/10)
DO 2 I=IN»INBA

A=]

AINBA = INBA .

DATA(I) = DATA(I)*(«5%(1e~COS5F(314415927T%A/AINBA)})
NAME = 0 '

PUNCH 102 JA»JBsJCsJDIAEsAF »JGsAHsAI9sNAME» IONE

FORMAT (4159F940sF8e 3sI49F10e49F104099Xs17513)

PUNCH 1035 AKsJLsAMyANSAOSARIAS»NAME»ITWO

FORMAT (F10e49I59F1 o49F10e09F1l o4 sFBolsF]l oe49sT7Xs17913)
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PUNCH 104y BA»BCsBD+BEsBF+BGsNAME s ITHREE

104 FORMAT (F10e49F10.0+F10eB83F10s 9sF10e49F10e 910Xs17913)
PUNCH 105, BH»BIsBJsJFsJEsNAMEs IFOUR

105 FORMAT (2F10e49F6e09215934Xs17913)

| mmmmrd

[y——

=t

1

106
107

NAME

NAME
Al
A2
A3
A4
A5
A6 =
Al =

nuuwn

PUNCH 107,
FORMAT

= NAME*]
61 = 1
= NAME

DATA(T)

DATA(I+1)
DATA(1+2)
DATA(1+3)
DATA(1+4)
DATA(I+5)
DATA(1+6)

GO 7O 21

END

INBA»
1

4

7

Al2rA29A39A49A59A69AT s NAME
(TE10649110)

-53-



(R

10
16

12
17

13

19

20
23

22

18

102
103
lug

105

CHECK SEQUENCE OF INPUT CARDS

DIMENSION DATA (1000)

READ 29 JA9JUBsJC o JDsAESAF s JGsAHWAT s IONE

FORMAT (4159 FOeQsFBeOslbdsFl0e49sFl0e0s17Xs12)

IF (IONE - 1) 69 79 6

READ 39 AK 9 JLsAMSANSAOARIASHITWO

FORMAT (F1Oeb4s159F1l0e49F10e09F10eb4sFBabd4sFl0edslbXel2)
IF (ITWO -2) 8y 9y 8

READ 49s BAsBCsBDsBEIBF+BGs I THREE

FORMAT (F10e43F10e09F10689F1060sF10e49F1040918Xs12)
IF (ITHREE ~ 3) 10s 11y 10

READ 5y BHsBIsBJUsJFsJEsIFOUR

"FORMAT (2F10+4sF6e09215542X912)

IF (IFOUR = 4) 12y 13, 12

PRINT 14

FORMAT (25H CARD ONE OUT OF SEQUENCE)
PAUSE

GO TO 21

PRINT 15

FORMAT (25H CARD TWO OUT OF SEQUENCE)
PAUSE

GO TO 21

PRINT 16

FORMAT (27H CARD THREE OUT OF SEQUENCE)
PAUSE

GO TO 21

PRINT 17

FORMAT (26H CARD FOUR OUT OF SEQUENCE)
PAUSE

GO TO 21

INBA = JF

ICTR = 4

DO 18 1 = 1s INBAy 7

ICTR = ICTR + 1

READ 195A1 9A235A35ALsASA69AT1CT

FORMAT (TE1Q0e4s7Xs13)

IF (ICTR ~ ICT}) 20s 22s 20

PRINT 23s ICTR

FORMAT (5H CARDsI4s16H OUT OF SEQUENCE)

PAUSE

GO TO 21
DATA(I) = Al
DATA(I+1) = A2
DATA(I+42) = A3
DATA(I+3) = A4
DATA{I+4) = A5
DATA(I+5) = A6
DATA(I+6) = AT

#%x%% IDENTIFY QUTPUT CARDS #*¥%x3#

NAME = 100%JA+JB/1000%10+JC/1000

PUNCH 102y JAsJBsJCsJDIAESIAF sJGsAHIAI yNAME, IONE

FORMAT (4159F9e03sFBe0s14sF10e49F10e0+s9Xs17913)

PUNCH 103y AKsJL sAMsANSAOsARASsNAME s ITWO

FORMAT (F10e43159F10e¢49F10s09F10a49F8e4oF10e497Xs179[3)
PUNCH 104y BAsBCsBDsBEsBFsyBGsNAME» ITHREE

FORMAT (F10e4sF10409F10e89F106s09F10e49F 10e0910X917913)
PUNCH 105, BHBIs8JsJFsJEsNAMEs JFOUR

FORMAT (2F10e40F64609215934Xs17913)

NAME = NAME%*1000 4+ 4
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107

DO 106 1 = 1y INBAS

NAME = NAME + 1
Al = DATA(I)

A2 = DATA(I+1)
A3 = DATA(I+2)
A4 = DATA(I+3)
A5 = DATA(I+4)
A6 = DATA(I+5)
AT = DATA(I+6)
PUNCH 107,
FORMAT (TE1Qe4s110)
GO TO 21

END

Al9sA293A39A49sAS 9 A69AT 9y NAME
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PSI014

PURPOSE:

COMPUTER PROGRAM DESCRIPTION
Drift Removal IBM 1620

By John W, Hawes

To remove the drift observed after integration of

a seismic trace.

RESULT:

A seismic trace fluctuating about the time axis,

REQUIREMENTS:
1. A core storage of at least 40,000 digits.
2. The number of readings must not exceed 1500
for each trace. (This number could be increased
for an IBM 1620 with a larger memory by changing
the number in the dimension statement of the source
program and recompiling,)
3. The form of input for the digital data is described
in detail in the section on input,
INPUT:

The form of input for digital data must be identi-

cal with that described in the section entitled "OQUTPUT"

for the computer program PSIO02REV (Semi-Annual Report

to U,S. Coast and Geodetic Survey by Planetary Sciences

Incorporated, Dec. 31, 1962, page 39). Note: the four

format cards and the data must be sequentially numbered.
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METHOD :

A quadratic is "fitted" to the trace with drift,
To find the equation of the curve about which the trace
presumably oscillates, every twenty-fifth point is selected.
From observation, nine readings approximately constitute a
cycle on the trace; hence averages are taken of nine
readings about every twenty-fifth point. Using the
method of least-square polynomials, a best fit for the
equation of these calculated values is found,

ag + a1(1x) + az(2x’)= (zy)

2 3
agx + a;(x ) + a(zx ) = (zxy)

where
X = equal increments along the x axis
y = averaged data value corresponding to x
~a = coefficients to be found

(Reference: Lanczos,C., Applied Analysis, 1956, pp.344-346)

In contrast to the usual curve-fitting procedure,
here the first term of the quadratic is set equal to zero.
The first value of all traces is taken as zero.

A (Ix) + B (£x) = Iy
A (zx) + B (2x°) = Ixy
where

A § B = symbols used for coefficients in code

OPERATING INSTRUCTIONS:

The operating procedures are identical to those des-

cribed in computer program description PSIO1l.,
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OUTPUT:

The format of the output is identical with that
of the input so that the data may be processed by other
PSI codes. This code, PSI014, checks for sequence,
Should any of the format cards or data cards be out of
order the message '"card XX out of sequence' will be
typed on the console typewriter, "XX'" being the. number
of the card.
If a card is out of seéquence,
1. Arrange the cards in proper order.
2, Replace the format cards and data cards in reader
hopper.
3. Depress Reader Start and Start keys,
Output from PSI014 is plotted with the integrated
trace input in figure (1). A flow chart and printout

of PSI014 are included on the following pages.
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INPUT VELOCITY COMPUTED FROM PSIOl0

7250 2111 2222 1111 O 0. 60 60.8000 43542147,
11442000 356 ¢ 1466 62454362, 11,0000 =.0240 624544362
7040000 62454362« 402857142 62454362, «8856 62454362,
999.0000 2126,0500 43544 250 0

¢0000E~99 «5707E-05 ¢3960E~04 «6779E~04 «187TE~04 +1902E~04 o5785E~03
01517E-02 +1B8B5E-02 ¢1198E-02-¢2524E~03~-¢2055E-02-43098E~-02-42434E~-02
e6311E-03 41302E~02 +2444E-02 +2970E-02 «2181E-02-43699E~03-41414E~02
02226E~03 4984TE~-03 +17BBE-02 +3667E~02 #3533E-02 .9243E-03-,1725E-02
¢1524E-02 +2049E-02 +5406E-02 +6885E-02 «6501E~02 +5285E-02 +4079E~02
e2369E~02~¢17B6E~-03-41762E-02-e1278E-02 «3179E~03 «1512E-02 +2536E-02
e3690E-02 +4266E-02 ¢3422E-02 +1616E~02 +6023E~03 +,8121E-03 +1103E=-02
¢5156E~03~41850E~03 +6266E-04 «6184E—-03 +1037E-02 +1855E-02 +3247E-02
e4TISE-02 +5679E-02 o¢6236E-02 +6T33E-02 «6782E-02 +6231E-02 45222E-02
¢3747E~02 +2083E-02 +8416E-03 +2193E~03 +2058E~03 .8302E~03 +1690E~02
¢1762E-02 +1001E-02 o5007E~03 +8086E-03 «1556E-02 .1991E-02 .2294E-02
¢2480E-02 ¢2842E~02 +4004E-02 +5288E~02 «5571E-02 «5301E-02 +4981E~02
e4566E-02 +418T7E-02 +4008E~02 «4213E-02 «4440E-02 «4413E-02 +4372E-02
e 443TE-02 «3949E~02 +2804E-02 «2051E~02 «2395E-02 +3403E-02 .4385E-02
¢5279E-02 +5709E-02 +5621E-02 «5241E~02 «4690E-02 «3850£E-02 .2807E-02
¢1965E~02 «1502E-02 +1076E-02 «6780E-03 «3531E-03 +1673E-03 .6562E~04
¢1023E-03 43229E-03 +6B83E~03 +1064E-02 «1571E~02 «2310E-02 +3039E~02
«3624E~02 +4104E-02 +465BE-02 +5259E-02 «5512E-02 «5606E-02 .5776E-02
e5852E~02 45698E-02 +5444E~02 +5228BE-02 +4889E-02 ,4315E-02 ,3797E-02
¢3456F~02 ¢3112E-02 .,2829E~02 +2866E~02 +3221E-02 .3859E-02 +4652E-02
«B270E~02 +5615E-02 45851E-02 «46065E-02 «6088E-02 +5778BE-02 +5296E-02
e4852E~02 44479E~02 +4080E-02 «3697E~02 «353BE-02 .3600E~-02 +3772E~02
e4040E-02 J4394E—=02 +4661E~02 «4844E~02 «5032E~02 +45233E-02 .5455E~02
¢5614FE~02 o5709E-02 «5742E~02 +5828E~02 «6006E~02 +6160E~-02 +6184E~02
e6263E-02 +6405E~02 +6470E~02 26414E~-02 «6292E-02 46113E-02 .5901E-02
¢5703E-02 o5485E~02 ¢527TE-02 «5141E-02 ¢5254E-02 +5669E-02 +6114E~-02
26375E-02 +6436E~02 «6323E~02 «6099E~02 «5893E-02 .5837E-02 .5950E-02
e6190E~02 +6418E~02 +649BE-02 «6473E-02 +6531E~02 «6714E~-02 .6895E-02
e6993E~02 +T04TE-02 ¢699TE-02 «6908E~02 +6825E~02 «6812E~02 +6868E-02
e6859E-02 +6T2TE-02 +64T4E~02 +6223E~02 +6082E~02 +6060E~02 .6137E-02
0e6293E~02 +46501E~02 +6807E-02 +7196E~02 «7619E~02 .8015E-02 .8341E-02
e8499FE-02 o8533E~02 +8499E~-02 «8438E~02 «8282E-02 .8064E~-02 .7914E~02
e TB41E-02 oT722E-02 «7529E~02 +734B8E~02 271B9E~02 +7027E-02 «6876E-02
e6B1BE=02 o683TE-02 +68T4E~02 +6883E~02 «6901E-02 +6907E-02 +6959E-02
«TO9TE-02 «7251E-~02 «T374E~02 «T466E~-02 «T4T4E~02 «T742BE-02 +7392E~-02
e 7443E-02 +7621E~02 +7906E-02 +8154E-02 +8305E-02
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OQUTPUT VELOCITY WITHOUT TREND FROM PSI01l4

7250 2111 2222 1111
114,2000 356
7040000 62454362,
99940000 2126,0500

Oe 0. 60
11,0000 =.0240 624544362

1466 62454362,
«02857142 62454362,
4354, 250 0

608000 43542147,

08856 62454362,

«0000E-99~¢2708E~04~-42599E-04~¢3062E~04~e1124E~03~+1450E-03 «3815E~03
«9023E-03~e5809E-03-92416E~02-43452E~02~+2861E~02

¢1287E~-02 o1622E-02
-+¢1091E-02 .8086E-03
-e4690E~03 +2599E-03
—e2447E-02 41092E-02

¢2300E~02 +2842E-02

—+1108E~02-+1842E-02~-41628E~02-41106E~02-47211E~03
«4788E-02

+2936E~02 +3786E-02

«1917E-02 +2410E-02
«1030E~02 +2875E~-02
«4415E-02 «5861E-02

+»1588E~-02~¢9954E-03-42072E~02
«2708E-02
+5444E-02
«1212E-02~41368E-02~42985E-02~-42534E-02~9718E~03

«6698E-04~42615E~02
«4195E-02 «2955E-02
«1889E-03 41179E-02

e 1965E-02 4125BE~03-49212E-03-¢7449E~03~44875E~03

«4309E-02 +4773E-02

¢6328E-04 +1421E~02
«4203E~-02 #3161E-02

¢1652E-02-e4522E-04-4¢1320E~02-e1976E-02-¢2023E~02—-+1433E~02-.6070E~03
~e5688E-03-41363E~02~41897E-02-¢1623E~02-¢9102E~03~¢5090E~03-42399E-03

~+B8788E-04 +2401E-03
«1760E-02 +1347E~02

«1995E-02 42391E-02

«1368E-02 +42618E-02
«1134E-02 +41305E~02

e 2269E~-02 +1854E-02

+2867E~02
«1498E-02
¢1392E~02 +8707E-03~+3084E~03-,1095E~02-+7857E~03
«1269E-02

«2563E~02 +2209E~02
«1437E-02 +1361E-02
«3953E~03-46819E-03

~el1558E~02-42055E-02-42515E~02~-42948E~02-¢3307E-02-43527E-02-43663E~02
~e3661E-02-43475E-02-43144E-02-¢2803E-02-+2330E~02-¢1626E~02-49318E~03

—e3813E-03 +6411E-04
¢1604E~-02 +1415E-02

+5835E~-03 +1149E~-02
«1127E-02 «8765E-03

+1368E-02
¢+ 5028E~03-¢1058E~03-+6585E-03

¢ 1427€-02 +1563E-02

~e1034E-02~41413E~02~41730E-02-e¢172B8E~02-41408E-02-4B8051E-03-44696E~04

¢5361E~-03 ,8463E-03

¢ 1047TE-02 41226E~-C2

«1214E-02

«869T7E~03 +3528E-03

~¢1260E-03-45340E~03-49679E-03~21385E-02~+1579E~02-41552E-02-41416E~02
~e1183E~02—-+8641E-03-46321E~-03-44842E-03-43313E~03~,1654E-03 ,2138E-04

«1452E-03 42050E-03
«5478E~03 +6545E~-03

«2029E-03 42537E-03
+6842E~03 45929E-03

«3965E~03
«4356E-03

«5152E-03 +5040E-03
¢2213E~03-42599E~-04

—e2593E-03-45127E~03~6 7560E-03-¢92T4E~03-48498E-03-64703E-03-46075E-04
04183E-04-e2176E-03-e4591E~03-e5507E-03-.4732E~03
~e268BE~03~,763TE~04~¢3196E~04-0a9256E~04~s7018E~04 o+7718E-04 o2225E-03
e2175E-03 «92BlE~04~¢2590E-04—~eT7464E-04~45439E~04
~e9915E~04~42669E~03-4555TE-03~eB425E-03-41019E-02-e1077E-02-+1036E~02
~+9159E~03~¢743TE~03-,4736E-03-41205£~-03

+1647E-03 +1903E-03

«2848E~-03 L,3032E-03

«1038E-02 +1036E~02

e 9666E-03 +B696E~03

«2664E~03
«6775E~03

«6265E-03 +91656£~03
«4235E-03 +42374E-Q3

012B4E=~03~4266TE-04~e255TE-03-e4T28E-03-¢6680E-03-¢8661E~03~41053E~02
—~oll4TE=02~41164E~02-41163E~-02~¢1191E~02~61209E~02~01239E~-02~41223E-02
~+1122E-02~¢1004E~02-¢9177E-03-eB8620E~03~¢8904E~03~49727E~03~-41045E~02

~¢1030E-02~+8BB9E-03~46403E-03-44287E~-03-+3141E~03
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10
16

12

13

19

20

22

18

PSI014

DRIFT REMOVAL - QUADRATIC
DIMENSION DATA(1500)sAVE(60)
READ 2» JA9JIBsJCyJDIAESAF»JGsAHY AL+ 1ONE
FORMAT (415s F9409sF8s09149F10449F1060917Xs12)
IF (IONE ~ 1) 69 79 6
READ 3s AKsJL9AMsANIAOIARIASHITWO
FORMAT (F10e49159F10649F10e09F10e49FB8e4rF10e4915X912)
IF (ITWO -2) 85 9y 8
READ 4 BAsBCH»BDWBEWBFsBGs» I THREE
FORMAT (F10e49F10609F10e489F1040sF10e49F1040+18Xs]2)
IF (ITHREE =~ 3) 10» 11» 10
READ S5» BHsBlsBJsJFsJE»IFOUR
FORMAT (2F10e49F6404215942X912)
IF (IFOUR - 4) 12s 13 12

PRINT 14

FORMAT (25H CARD ONE OUT OF SEQUENCE)
PAUSE

GO TO 21

PRINT 15

FORMAT (25H CARD TWO QOUT OF SEQUENCE)
PAUSE

GO 70 21

PRINT 16

FORMAT (27H CARD THREE OUT OF SEQUENCE)
PAUSE

GO TO 21

PRINT 17

FORMAT (26H CARD FOUR QUT OF SEQUENCE)
PAUSE

GO TO 21

INBA = JF

ICTR = 4

DO 18 I = 1y INBAs 7

ICTR = ICTR + 1

READ 199A15A29A3sA4sASsA6sAT »ICT

FORMAT (TE10e4s7Xs13)

IF (ICTR - ICT) 20» 224 20

PRINT 23 ICTR

FORMAT (5H CARDsI&4s16H OUT OF SEQUENCE)

PAUSE

GO TO 21

DATA(I) = Al

DATA(I+1) = A2

DATA(I+2) = A3

DATA(I+3) = A4

DATA(I+44) = A5

DATA(I+5) = A6

DATA(I+6) = A7

INX = INBA-4

SUMAV = 0,0

SUMXY

SUMIN

SUMSQ

SUMCU

DO 31 N=

1 =N/25

AVE(I) = (DATA(N=4)+DATA(N=3)+DATA(N-2)+DATA(N-1)+DATA(N)
+DATA(N+1)+DATA(N+2)+DATA(N+3)+DATA (N+4)) /9

H o BN

INXs25
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X = N-1

SUMAV = SUMAV+AVE(T)

SUMIN = SUMIN+X

SUMXY = SUMXY+AVE(I)#*X

SUMSQ = SUMSQ+X#*X

SUMCU = SUMCU+X#*#X%*X

B = (SUMXY*SUMIN-SUMAV*SUMSQ)}/{ SUMCU*SUMIN-SUMSQ*SUMSQ)

A = (SUMAV--B*SUMSQ) /SUMIN

DATA(1) = 040

DO 33 N=2,INBA

X = N~-1

DATA{N) = DATA(N)-B¥X*X-A%X

PUNCH 2s JA»JBsJCs»JDSAESAF»JGyAHsAT» IONE
PUNCH 3y AKsJL sAMsANSAO»AR»AS»1TWO

PUNCH 4» BAsBCsBDsBE»BF sBGs I THREE

L Fu——t

35
37

PUNCH
ICT =
DO 35
ICT =
Al
A2
A3
A4
AS
A6
AT =

PUNCH
FORMA
GO TO
END

Howua nu N

5s BHsBIs»BJsJFsJESIFOUR

4
N=1s INBA»7T
ICT+1

DATA(N)

DATA(N+1)

DATA (N+2)

DATA(N+3)

DATA (N+4)

DATA(N+5)

DATA (N+6)

37y Al9sA23A39A49A59A69AT» ICT

T (TE1Oe&4s7Xs13)
21
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PSIOLS

PURPOSE :

COMPUTER-PLOTTER PROGRAM DESCRIPTION

Particle Motion Plots IBM 7090-7054
Calcomp Plotter
By Nancy L. Nuhn

To prepare a magnetic tape for controlling the Calcomp

plotter for point-to-point particle motion plots of seismic

data traces.

RESULT:

A particle motion plot of two seismic data traces with

one a function of the other. Any number of pairs of traces

may be handled,

REQUIREMENTS:

1.

The number of readings must not exceed 2500 for each
trace. This number may be increased by changing the
number in the dimension statement of the source deck
and recompiling.

The program is written to operate a California
Computer Product's Digital Incremental Recorder
(Model 565)--off-line--with a magnetic tape gene-

rated on the IBM 7090 or 7094, Tape specifi-

.cations are those of the IBM Service Bureau Cor-

poration, San Jose, California,
Subroutines called were provided by California
Computer Products and require a B5 output tape

with a density of Low 200, The plotter is not able
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to operate with tapes of higher densities,

INPUT:

The form of input for the digital data must be identi-
cal with that described in the "output" section for com-
puter program PSI 002REV (Semi-Annual Report to U.S.

Coast and Geodetic Survey, by Planetary Sciences Incorpor-
ated, 31, Dec. 1962). The data are referred to by the
variable names X (that toc be plotted on the X axis) and

Y (that to be plotted on the Y axis) and is read in
floating point with a format of E10.4. All statements

are read in on INPUT TAPE 5,

The program requires that a blank card be placed
at the end of the data deck for normal exit from the

computer.

METHOD ;
The first three fields of the lead format cards
are used by the plotter subroutine AXIS to identify
the X and Y axes., This information is read in A format to
satisfy the AXIS routine's BCD specification,
Traces of unequal number of data values (due to

deletion of leading zeros) are made equal by replacing

leading zeros to the smaller of the two traces being plotted.

The data are scaled to an X and Y axis of 10.0 inches
each by the SCALE routines. The AXIS routines annotate
and identify each axis using values computed in the SCALE

routines. The LINE routine draws a continous line through
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the co-ordinates in the arrays X and Y plotting 70
data values per plot., Routines THREE and PLOT position
the plotter pen to draw the axes for the next 70 data
values., There 1s a 3 inch margin between plots. The-
plotter will continue in this manner until all data
values have been plotted.

For further description of the plotter subroutines

refer to CalComp Bulletin No. 120A, October, 1962,

OPERATING INSTRUCTIONS:

Compile the Fortran II Source deck and the following
CalComp subroutines on the IBM 7090 or 7094: AXIS,
BCDFL, DXDY, LINE, MSG, NUMBER, PLOT, PLOTS, SCALE,
SYMBL4, THREE, TRWZ and TRWS. Specific identification
cards for source deck and data are provided by the
operator, A B5 magnetic tape (density low 200) is
generated.

The tape is placed on an off-line system to control

a CalComp Digital Incremental Recorder.

OUTPUT:
1, A B5 tape generated on the IBM 7090 or 7094
to control the plotter,
2, Particle motion plots with identified and
annotated X and Y axes of 10.0 inches each.
Zeros in the third field of the lead format cards
(used for axes identification) are not drawn automatically

by the plotter,
-68-



Plotter Model 565 has a step size of .01 inches and
a speed of 18,000 steps per minute on the X and Y axes.
A listing of the Fortran deck, Flowchart and test

problem are presented on the following pages.
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[

27

60

55

16

19

20
26

17
18

21
25

DIMENSION X{2500),Y(2500),DATA(2002),DENX{3),DENY(3),BX(3),BY(3)

DIMENSION X{2500),Y{2500),DATA({2002) DENX(3)4DENY(3),8X(3),BY(3)

J=1

READ INPUT TAPE 5,3, (DENX(K)K=1,3)

FORMAT (XAk4,2A5)

IF (DENX(1))28,28,5

DO 10 L=2,3

READ INPUT TAPE 5,11
FORMAT [80X)

GO TO (30,60),J

READ INPUT TAPE 5,40, INBAX
FORMAT (26X,15)

READ INPUT TAPE 5,50, [X{N)sN=1y INBAX)

FORMAT (7E10.4)
J=2

READ INPUT TAPE 5,4, (DENY(K),K=1,3) ~

FORMAT (3A5)
GO TO 5
READ INPUT TAPE 5,40, INBAY

READ INPUT TAPE 5450, [Y{N),N=1, INBAY)

IF (INBAX-INBAY) 7,55,9
INBA=INBAX
GO TO 8
N=INBAY-INBAX
I=INBAY

J=INBAX
X(1)=X(J)
IF{J~-1) 20,20,19
I=I-1

J=d-1

GO TO 16

DO 26 1=1,N
X{1)=0.

INBA = INBAY

GO TO 8
N=INBAX-INBAY
[=INBAX

J=INBAY
Y{I)=Y(J)
IF(J-1) 21,21,18
[=1-1

J=J-1

GO TO 17

DO 25 I=1,4N
Y(I)=0.
INBA=INBAX
CONTINUE :

CALL PLOTS (DATA11000),998,10.0)

CALL TRWS (DATA (2002))

"CALL SCALE (X, INBA,10.0,XMIN,DX)
CALL SCALE (Y, INBA,10.0,YMIN,DY)

BY (3)=DENY (1)
BY(2)=DENY(2)
BY (1) =DENY(3)
BX{3)=DENX(1)
BX(2)=DENX(2)
BX{1)=DENX(3)




-\

DIMENSION X(2500),Y(2500),DATA(2002) +DENX{3),DENY(3)+BX(3),BY(3)

JNBA=INBA
DO 70 I=1,INBA,TO
i CALL AXIS(04404¢BX{3)415510.050.04XMIN,DX)
i CALL AXIS{0.,0.4BY{3),15,10.0,90.0,YMIN,DY)
K=XMINOF (JNBA,70)
~ CALL LINE (X({I)sY{DI)y) _ , L )
’ JNBA=JNBA~TO S T
CALL THREE (044044 13.)
CALL PLOT (13.40.43,+1)
| 70 CONTINUE | . R
- G0 TO 27
28 END FILE 10
| REWIND 10
CALL EXIT :
END(].]'O'O'O]O'O'IIO'O'O’O'OIO;O, i . . LT
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. 10,
10.

—
—_—O

°

12,
13,
14,
15,

10,
10,
5.
0.

16.-5,

17.-10.
18.-10.
19,-10,
20.-10.
21.-10.
22,.-5.

23,
24,
25.
26.
27,
28,
29,
30.
31,
32,
33,
34,
350

Oe
5.
10.
15,
15.
15.
15,
15,
15.
10,
So
Oa
-5,

15.

TEST PROBLEM
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X

36.-10,
37.-15.
38.-15.
39.-15.
40.-15
41.-15.
42 .-15.,
43.-15.
44.-10.
45.-5.

46. 0.

47.
48,
49,
50.
51.
52,
53.
54,
55.
56.
57.
58,
59.
60.
61.
62.

5.
10.
15,
20.
20,
20.
20,
20.
20.
20.
20.
15,
10.

5.

0.
..5.

63.-10.
64.-15,
65.-20.
66.-20.
67.-20.
68.-20.
69.-20,
70.-20.

Y

15,
15,
10,
5.
0.
-5,
- 10,
-15,
- 15,
~15.
-15.
-15,
-15.
-15,
-15,
-10,
'5.
0.
5.
10.
15,
20,
20,
20,
20,
20,
20,
20,
20,
20,
15.
10,
5'
Oo
"50
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COMPUTER PROGRAM DESCRIPTION
PSI016 Bias Data Generation IBM 1620

By John W. Hawes

PURPOSE:

To bias data for use in biased particle motion plots.,

RESULT:

Input data for biased particle motion plots,

REQUIREMENTS :

1. A core storage of at least 40,000 digits,

2. The number of readings must not exceed 1500 for
each trace. (This number could be increased for
an IBM 1620 with a larger memory by changing the
number in the dimension statement of the source
program and recompiling.)

3. The form of input for the digital data is des-

cribed in detail in the section on input.

INPUT:

The form of input for the digital data must be
identical with that described in the section entitled
"OUTPUT" for the computer program PSIO0ZREV (Semi-Annual
Report to U.S. Coast and Geodetic Survey by Planetary

Sciences Incorporated, Dec, 31, 1962, page 39).

METHOD :

One of the biggest defects of particle motion plots
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is that they are multivalued functions, The plot would
be easier to interpret if the particle motion were smeared
out along one of its axes by means of biased data. This is
accomplished by removing any negative movement from one
of the traces being plotted., The maximum negative derivative
is found and a multiple of its absolute value added to
all points on the trace,

A difficulty arises at the point where this greatest
negative movement occurs. This maximum decrease is added
to itself, resulting in zero movement, thus causing two
data points of the biased coordinate to coincide. There-
fore an increment, taken as 1/20 of the maximum negative
movement, is added to the maximum negative movement. The
absolute value of this constant is added to the first
data reading, twice the absolute value of this constant
is added to the second data reading, three times the
absolute value to the third data reading, and so on,
As a result, each value of the biased data is larger than

the one preceeding;

OPERATING INSTRUCTIONS:

The operating procedures are identical to those

described in computer program description PSIO1l.,

OUTPUT:
The format of the output is identical with that
of the input so that the data may be processed by other
PSI codes. This code, PSI016 checks for sequence. Should
any of the format cards or data cards be out of order, the
message ''CARD XX OUT OF SEQUENCE" will be typed on the
«77-
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console typewriter, '"XX'" being the number of the mis-
placed card. To continue with the progran,

1. Arrange the cards in proper order,

2. Replace the format cards and data cards in the

reader hopper.

3. Depress Reader Start and Start keys.

The X-coordinate data used in the PSIOLS test problem
was used to test the bias generation code, PSI016. The
biased results are plotted against the PSIO15 Y-coordinate
test values in figure 1. A flow chart and printout

of PSI016 are also included on the following pages.
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INPUT

1234 0000

0.
O
O.

=~ 5
15,
=10
"'150
20,
20
=15,
~20.
S5e

OUTPUT

1234 0000
040000
0.0000
0,0000

«5250E+401

«4200E+02

«7875E+02

«1105E+03

«1672E+03

«1790E+03

«2107E+03

«2825E+03

«3192E+03

+3210E+03

«3527E+03

«4145E+403

X COORDINATE

1111

5e
5e
-~ 5e

15,
-154
=10

20

15,
~20¢
=204

10.

BIASED

1111 0

0080

10.
-10.

15,
-15,
- 5,
20.
10.
-20,
~20.
15

Oe
10.
~10.
10,
10.
~15.

20.
Se
~20e
-15.

X COORDINATE

O,

0 0.0000
0.0.00000000

0,0000
«1550E+02
«5225E+02
«7900E+0Q2
«1207E+03
«1725E+03
«1792E+03
«2210E+03
«2877E+03
+3195E+03
«3212E+03
«3580E+03
«424TE+03

(U 80

«2075E+02
«6250E+02
e 7T925E+02
«1310E+03
«1777E+03
«1845€E+03
«2312E+03
«2930E+03
«3197E+03
«3265E+03
«3632E+03
«4350E+03

Os

O, 0.0000

O
0

«2100E+02
«6775E+02
+8450E+02
01412E+03
»1780E+03
«1897E+03
«2415E+03
«2982E+03
+3200E+03
«3317E+03
«3735E+03
+0000E~99

0

00000
0400
00000

+2125E+02
«7300E+02
«8975E+02
«1515E+03
«1782E+03
«1950E+03
»2517E+03
«3035E+03
«3202E+03
«3370E+03
«3837E+03
+«0000E-99

-80--

—5|
10.
~10.
15,

~15.
10,
20.
’50
=20
- 5.

O

- 5.

‘100
15,
- 5
-15.
15
204
~10.
-20.
Oe

00 040000

Q.

«2650E+02
« 7825E+02
+9500E+02
«1567E+03
«1785E+03
«2002E+03
«2620E+03
«3087E+03
«3205E+03
«3422E+03
¢3940E+03
+0000E~99

«3175E+02
«7850E+02
«1002E+403
«1620E403
«1787E+03
«2055E+03
«2722E+03
¢3140E+03
«3207E+03
«3475E+03
«4042E+03
+0000E=99

V®@JOU L WA



Y COORDINATE

5678 0000 0000

- 5.
10.
=10,

15,
-15.
=15

20,

204
‘10.
-200

Oe
- 5
10.
~10e
10.
15,
-15,.
=10
20.
20
-15,
=20

5e
-. 5,
10,
-10.
15,

104"

~-15.
-5
20,
15,
=20,
=20

S5e
Se

=10,
15,

'15.
5e
20,

-20.

-81-

10.
-~ 5.
~ 5

15,
- 5
"15.

10.

20

-20.

- 54
10
=10,

15,
=10
~15.

15.

204
- 5.
=20
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10
1¢6

12
17

13

19
20
23

22

18

28
30

PS1016
BIAS PLOT
DIMENSION DATA(1500)
READ 2s JA9JUBIJCsJDIAESIAF»JGHAHSIAT » IONE
FORMAT (4159 F9a09FB8e09I49F10649F1060917X912)
IF (IONE -~ 1) 649 Ts 6
READ 39 AKsJL sAMIANIAOIARIASSITWO
FORMAT (F1Oe49159F10e43F1040sF10e4sFBe&sF10eb4915Xs12)
IF (ITWO -2) 8y 94 8
READ 4» BAsBCyBDsBEsBFsBG» I THREE
FORMAT (F10e49F10409F10489F10409F10e49F1040918X912}
IF (ITHREE - 3) 10s 11y 10
READ 5y BH»BlsBJUsJFsJES»IFOUR
FORMAT (2F10e49F6e09215942X412)
IF {IFOUR = 4) 12y 13» 12
PRINT 14
FORMAT (25H CARD ONE OUT OF SEQUENCE)
PAUSE
GO TO 21
PRINT 15
FORMAT (25H CARD TWO QUT OF SEQUENCE)
PAUSE ‘
GO TO 21
PRINT 16
FORMAT (27H CARD THREE OUT OF SEQUENCE)
PAUSE
GO TO 21
PRINT 17
FORMAT (26H CARD FOUR OQOUT OF SEQUENCE)
PAUSE
GO TO 2
INBA
ICTR
DO 18 I = 1 INBAs 7
ICTR = ICTR + 1
READ 193sA19A29A3,A49A5+A69ATICT
FORMAT (7E10e4s7X913)
IF (ICTR - ICT) 20s 22y 20
PRINT 23s ICTR

1
JF
4

1]

FORMAT (5H CARD»I4»16H OUT OF SEQUENCE)
PAUSE

GO TO 21
DATA(I)Y = Al
DATA(I+1) = A2
DATA(I+2) = A3
DATA(I+3) = A4
DATA(I+4) = A5
DATA{I+5) = A6
DATA(I+6) = A7
INX = INBA-1
AMAX = 0.0

DO 30 N=1,INX
DIFF = DATA(N+1)~DATA(N)
IF(AMAX~DIFF)304,30,28

AMAX = DIFF
CONT INUE
AMAX = —¢05%AMAX=AMAX

DO 32 N=1,INBA
X =N ' -83-



32

35
37

DATA(N) = DATA(N)+X*AMAX
PUNCH 29 JA»JBsJCsJDIAEIAF»JGsAH» Al » IONE

PUNCH 3s AK»JLsAMsANSAOIARAS»ITWO
PUNCH 4s BAsBCsBDyBEsBFsBGy»ITHREE
PUNGH 5s BHsBIsBJsJFsJEsIFOUR

ICT = &4

DO 35 N=1,INBA,»7
ICT = ICT+1

Al = DATA({N)

A2 = DATA(N+1)
A3 = DATA(N+2)
A4 = DATA(N+3)
A5 = DATA(N+4)
A6 = DATA(N+5)
A7 = DATA(N+6)

PUNCH 379 AlsAZ23A39A49A5,A69AT»ICT
FORMAT (TE10e45s7Xs13)

GO 710 21

END
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COMPUTER PROGRAM DESCRIPTION
PSI019 Pomeroy Plot IBM 1620

By John W, Hawes

PURPOSE:
To obtain an indication of longitudinal, transverse,
and surface waves from vertical, radial, and transverse

seismic data.

RESULT :

Traces significant to spectral analysis,

REQUIREMENTS :

1. A core storage of at least 40,000 digits.

2. The number of readings must not exceed 500 for
each trace, (This number could be increased for
an IBM 1620 with a larger memory by changing the
number in the dimension statement of the source
program and recompiling.)

3. The form of input for the digital data is described

in detail in the section on input.

INPUT:

The form of input for the digital data must be identical
with that described in the section entitled "Output'" for
the computer program PSI002REV (Semi-Annual Report to U. S.
Coast and Geodetic Survey by Planetary Sciences Incorporated,
December 31, 1962, page 3 ). The order of the two input

traces is irrelevant. The order of input is as follows:

«85-



1. Four format cards of the first trace.
2, Data of the first trace.
3, Four format cards of the second trace.

4, Data of the second trace.

METHOD:

In spectral analysis, observation of vertical, trans-
verse, and radial plots are not by themselves very useful.
Pomeroy employed the technique of forming the product of
certain of these seismograms. (Armour Research Foundation,
"Discriminatory Analysis Applied to Classification of
Seismic Phenomena,'" ARF Project E162, 30 June 1962, page 22.)
This procedure is actually a special case of this cross-

correlation function,

+(x) = [g(Oh(t-D)dt,

the special case being for t equal to zero--no relative

shift of the functions

+(0) = [[g(t)-n(t)1de

where g(t) and h(t) are the traces under consideration,

We are plotting the elements of the integrand (the.

value in the brackets). (Geophysics Analysis Group,
Department of Geology and Geophysics, Massachusetts
Institute of Technology, '"Predictive Decomposition of Time
Series with Applications to Seismic Exploration, MIT GAG
Report No. 7, July 12, 1954, page 195.)

The resultant time series exphasizes wave trains that
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are in phase and de-emphasizes those out of phase, and
thus tends to give sharper beginnings to the kind of wave
anticipated. Vertical wave times radial wave results in
longitudinal wave information, vertical times transverse
gives shear wave information, radial times transverse
gives Love wave information, and vertical times transverse
gives Rayleigh wave information.

This program, PSI019, multiplies these‘traces together,
Data readings of corresponding vertical, radial, and trans-
verse traces are made at the same point in time, but leading
data values of zero are deleted making traces of unequal
length, In order to multiply only corresponding readings,

early data is ignored.

OPERATING INSTRUCTIONS:

The operating procedures are identical to those des-

cribed in computer program‘descripiion PSIO011,

OUTPUT s

Eight format cards are punched, four from each of the
input traces to indicate which traces have been multiplied.
The output data is in the form 7E10.4. The number of values
is equal to that of the larger of the two input traces.
Zero data values at the beginning of the output are equal
in number to the difference between the number of data points
in the input traces,

Should any of the format cards or data cards be out of

order, the message "CARD XX OUT OF SEQUENCE" will be typed

-87=



on the console typewriter, "XX" being the number of the
misplaced card. To continue with the program

1, Arrange the cards in proper order,

2, Replace all format and data cards of the input

data in the reader hepper, and

3., Depress Reader Start and Start keys,

A test problem of three sets qf input data were
processed by this code, PSI019. These data were run in
various combinations to test all loops in the program,
This input and output are diagrammed in figure 1. A flow
chart and printout of PSI019 are also included on the

following pages.
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INPUT

PSIOl9

4444 4444 4444

5555 5555

00
-5
-5

6666 6666

5555

0o
-5
=5

6666

-5
-5

-5

00
-5
00

[
[C R T T N

40

-5
-5

-5

35

00
00
-5
00

a5

-5
-5

-5
-5

00

00
-5

00

00
-5

-5

-5

-5

00
-5
-5

01
02
03

05

07
08



OUTPUT

6666 6666 6666 0 O Oe 0 040000 Oe
00000 0 0,0000 O. 0.0000 0.,0000 00000
0.0000 0.0.00000000 Oe 040000 C.
040000 0,0000 Oe 35 0

4444 4444 4444 0 Oe O 0 0.0000 Oe
040000 0 0.,0000 O 0.0000 040000 0.0000
040000 04000000000 Oe 0.0000 0.

040000 0,0000 Oe 40 0
«0000E~99 «0000E~99 .0000E-99 +0C00E-99 «0000E~99 «2500E+02 +2500E+02
¢2500E+02 «2500E+02 +2500E+02 «2500E+02 «2500E+02 «2500E+02 +2500E+02
02500E+02-4+2500E+02~-42500E+02-¢2500E+02-¢2500E+02~¢2500E+02~¢2500E+02
~+2500E+02~¢2500E+02~42500E+02~+2500E+02 «+2500E+02 «2500E+02 +2500E+02
¢2500E+02 +2500E402 +2500E+02 +2500E+02 +2500E+02 +2500E+02 +2500E+02
~e2500E+02-42500E+02-42500E+02-¢2500E+02~¢2500E+02 +0000E~99 +O000E~-99

4444 4444 4444 0 0. Oe 0 0.,0000 O
00000 0 0.0000 O. 0.0000 0.0000 0+0000
0+0000 0.0,00000000 Oe 00000 0.
040000 0,0000 Oe 40 0

6666 6666 6666 0 O O 0 0.0000 Oe
040000 0 0.0000 0. 00000 040000 040000
0.0000 0.0,00000000 Oe 0.0000 O.
00000 0,0000 O 35 0

¢0000E~99 +0000E~99 +0000E-99 +0000E~99 +0000E-99 <2500E+02 +,2500E+02
¢2500E+02 +2500E+02 +2500E+02 «2500E+02 +2500E+02 +2500E+02 .2500E+02
¢2500E+02~¢2500E+02~0e2500E+02~¢2500E+02~¢2500E+02-¢2500E+02~42500E+02
~e2500E+402~42500E402~¢2500E+02~¢2500E+02 «2500E+02 «2500E+02 +2500E+02
¢2500E+02 «2500E+02 +42500E+02 «2500E+02 «2500E+02 +42500E+02 +2500E+02
~e2500E+02+-42500E+02~42500E+402~¢2500E+02~«2500E+02 +«0000E~99 «0000E~99

5555 5555 5555 0 O. O 0 0.0000 Oe
0.0000 0 0.0000 O 00000 040000 00000
040000 040400000000 Oe 00000 0.
040000 0.0000 O 35 0

6666 6666 6666 0 O Oe 0 0.0000 O
040000 0 0,0000 0. 0,0000 0,0000 0.0000
00000 0.0.00000000 O 00000 O
0.0000 0.,0000 0. 35 0

¢2500E+02 «2500E4+02 +2500E+02 ¢2500E+02 «2500E+02~4¢2500E402-42500E402
~02500E+402~42500E+02-42500E+02 +0000E-99 +0000E~99 +0000E-99 +0000E-99
«0000E=-99 +0000E-99 <O000E-99 +0000E~99 «0000E-99 +0000E-99-42500E+02
~e2500E+02~42500E+02-42500E+02-42500E+02 +2500E+02 +2500E+02 +2500E+02
¢2500E+402 +2500E+02 +0000E-99 «0000E-99 «0000E~-99 <O000E~99 +00C0E-99
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10
16

12
17

13

19

20
23

22

18

107
109

111

POMEROY PLOT PS] 19
DIMENSION DATAX(500) sDATAY (50 ) »PRODI(500)
READ 29 JAYJIB»JCsJDIAESAFsJGsAHIATL » JIONE
FORMAT (4159 FO40sFB8e09149F10449F10e 917Xs12)
IF (IONE 1) 69 79 6
READ 3y AKsJL sAMyANIAOSARIASITWO
FORMAT (F1O0e49159F1 ot4sFl0a0sFl o4sFBebsFl o4915Xs12)
IF (ITWO 2) 8s 9 8
READ 49 BAsSBCs»BDyBEsBFsBGy I THREE
FORMAT (F10e43F10e09F10e83F10e sF10eb49Fl0e 918Xs12)
IF (ITHREE = 3) 10y 11y 10
READ 5 BHsBIsBU»JF sy JEIFOUR
FORMAT (2F10e49F6409215942Xs12)
IF (IFOUR 4) 12y 13y 12

PRINT 14

FORMAT (25H CARD ONE OUT OF SEQUENCE)
PAUSE

GO T0O 21

PRINT 15

FORMAT (25H CARD TWO OUT OF SEQUENCE)
PAUSE

GO TO 21

PRINT 16

FORMAT (27H CARD THREE OUT OF SEQUENCE)
PAUSE

GO TO 21

PRINT 17

FORMAT (26H CARD FOUR OUT OF SEQUENCE)
PAUSE

GO TO 21

INBAX = JF

ICTR = &

DO 18 I = 1sINBAXs7

ICTR = ICTR 1

READ 199A15A235A35A4 A5 A69AT»ICT

FORMAT (7E104457X»13)

IF (ICTR. ICT) 20y 22» 20

PRINT 235 ICTR

FORMAT (5H CARD»sI4»16H OUT OF SEQUENCE)

PAUSE

GO TO 21
DATAX(I) = Al
DATAX(I+1) = A2
DATAX(I+2) = A3
DATAX(I+3) = A4
DATAX(I+4) = A5
DATAX(I+5) = A6

DATAX(1+6) = A7

PUNCH 2s JA»JB»JCsJDSAESAF s JGsAHATL» IONE
PUNCH 39 AKsJL»AMsAN,AO»ARsASHITWO
PUNCH 4y BAsBC,BDsBEBF»BGy» ITHREE
PUNCH 5s BHs»BIsBJsJF»JEsIFOUR

READ 23y JA»JBsJCyJDIAEsAF2AGsAHS AT » IONE
IF (IONE 1) 6510796

READ 39 AK»JLsAMsAN3SAOSARIAS»ITWO

IF (ITWO 2) 8510948

READ 4» BAsBCsBDs»BEsBF +BGs ITHREE

IF (ITHREE - 3) 10+111»10

READ 59 BHsBIsBJUsJFsJEIFOUR
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IF (IFOUR  4) 125113s12
113 INBAY = JF
ICTR = 4
DO 118 I = 1,INBAYs7
ICTR = ICTR 1 i
READ 195 Al»A2sA3sA4sA59A65ATHICT
IF (ICTR  ICT) 209122520

122 DATAY(I) = Al
DATAY(I+1) = A2
DATAY(1+2) = A3
DATAY(I+3) = A4
DATAY(I+4) = A5
DATAY(1I+5) = Aé

118 DATAY(I+6) AT
PUNCH 2s JA9sJBsJCs»JDSAE»AF s JGyAH»Al s IONE
PUNCH 3» AKsJL sAMsANAOIARIASHITWO
PUNCH 4» BAsBC»sBDsBEsBF+BGs I THREE
PUNCH 5y BHsBIsBJsJFsJE»IFOUR
J =
IF (INBAX INBAY) 40942944
42 DO 25 I=1sINBAX

u

25 PROD(I) = DATAX(I)*DATAY(I)
GO TO 49
40 N = INBAY INBAX
M = N+1
DO 26 I=M,INBAY
J = J+1
26 PROD(1) = DATAX(J)*DATAY(I)
DO 27 I=1,N
27 PROD(I) =
INBA = INBAY
GO TO 50
44 N = INBAX INBAY
M = N+1
DO 28 1=M,INBAX
J = J+1
28 PROD(I) = DATAY(J)*DATAX(I)
DO 29 I=14N
29 PROD(I) =

49 INBA = INBAX

50 L1 = INBA 1
L6 = INBA 6
DO 3 N=L1sLé6

30 PRODI(N) =
ICT = 4
DO 51 I=1,INBAs7
ICT = ICT 1
Al = PROD(I)
A2 = PROD(I+1)
A3 = PROD(I+2)
A4 = PROD(I+3)
A5 = PROD({I+4)
A6 = PROD(I1+45)
AT = PROD(I+6)

51 PUNCH 529 AlsA25A39A49A59A6 AT ICT
52 FORMAT (T7E1Qes497X913)

GO 10O 21

END
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APPENDIX A

SPECIAL TREATMENT OF THE FOURIER TRANSFORM

(By Ernest Schlesinger)

Consider an arbitrary non-periodic function f(t), a

function of time t, for which the Fourier transform F(w),

defined by F(w) = ff(t)e-lm:dt, exists.
When one knows the transform F(w), one knows the function,
and vice versa.

An unusual and valuable way of using the Fourier
transform is to make the upper limit finite, instead of

infinite. (A. A. Kharkevich, Spectra and Analysis, 1960,

p. 18.) The integral then depends both on the frequency w
and on the upper limit, say u. Thus we have
u
G(w,u) = ff(t)e‘i“’tat
Such modification is precisely equivalent to defining a

f(t), t s u

new function g(t) as follows:
g,(t) = {0, t >0

In other words, we set f(t) = 0 for values of t > u.

[

Then G(w,u) = d[éu(t)e-1Wtdt
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Thus G(w,u) is really the Fourier transform of f
in which we have set part of the range of f to be equal
to zero.

Now the value of this approach is as follows:
Changes in the function f(t) as t increases can be studied
by observing changes in the function G as u increases.
Naturally it is expected that for various values of u,
G will differ, for this is equivalent to taking Fourier

transforms of different but closely related, functions

(namely functions which agree for all values below some t).
A sketch may make this clearer. If the function f(t)

looks like this:

F /N .
N

the functions g, may look like this:

g
|
L +
U,
g
|
5 +
Uz
g




7
NUE

and so forth,

The Fourier transforms of each of these g's would

then be the same as u

ff(t)e_thdt

- 00

for u = uy, u,, uz, u, * - -

A specific example, ir which the transform may be
easily found, is given below:

1, a<tcgbd

f(t) =
0, otherwise
l ] H
4 I
| : b

Let us find the Fourier transforms of this function in

the special sense described above.
u

Glw,u) = ff(t)e-thdt

= 00

'. -
0, if u < a

u
i;'1Wtdt, if a<uc<hb

b
fe'thdt, ifu>b
La
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Thus we need merely find

G(w,u)

u

‘/;-IWtdt (where a < u < b)

a

1
-iw

2]

1

|+

u
-iwt
e

1 -iwu -iwa] if -iwu -iwa
=——le - e = —le - e
-iw w

r

coswu - isinwu - coswa + isinwa]
L

o L .
{coswu - coswa) - i(sinwu - 51nwa)]
[, L2, . .
i(coswu - coswa) - i"(sinwu - sinwa)
.. . .

- (sinwu - sinwa) + i(coswu - coswa)

(using standard trigonometric identities

from Mathematics Tables)

1.1 1
,:__P51n5(wu - wa)cos?(wu + wa) +
W

+

_ 2

i(—Zsin%(wu + wa)sin%(wu - wa)]

_ 2

1

Rl - 1 1
51n2(wu wa)[COSE(WU + wa) - isini(wu + wa)]
w

.1 y i
51n5(wu wa °.-2-1(wu - wa)

_ 2

w

1
singw(u - a)e-%iw(u - a)

w
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.1
2sinzw - a
The amplitude A(w,u) will be Fvu - a),
W

the phase ¢(w,u) will be - %w(u - a),

[Note that when u > b this reduces to the ordinary

Fourier transform of f,

[

' - . 1 Lion .
F(w) = Jff(t)e-lwtdt - 251n2:(b - a)e Fiw (b a?]

Now as u increases from a to b, the phase angle of
this special transform changes from 0 to -'%w(b - a).
If one graphs the phase angle as a function of the frequency
W, the slope of the graph will depend on u; in fact the

slope will be 1 for

- 5(u - a) a<ucghb,

"

To i1illustrate with a graph, let a = 0. Then graphs

of the phase ¢(w,u) as a function of w will look like these:

[ 7%
1 2 3 4 W
\\‘:\\\\
N T~ -
~1 \\\
\\
-2 1 ™~
-3 Uu=-2
c—e—u =1
LN =1
i . w 2

Thus we have a case in which the slope of the phase is

directly proportional to u, the upper limit.

-100-




